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HISTORY OF SURGERY
HARVEY CUSHING (1869-1939): A CENTENNIAL APPRECIATION
L. J. CLEIN, M.B., B.Sc.(Med.), F.R.C.S.jC],* Saskatoon, Sask.
“ To study the phenomena of disease without 
books is to sail an uncharted sea, while to study 
books without patients is not to go to sea at all.”
William Osier
Harvey W illiams Cushing, the youngest 
of 10 children of Betsy Maria Williams and 
Henry Kirke Cushing, M.D., was born on 
the Western Reserve of Connecticut in the 
town of Cleveland, Ohio, on April 8, 1869. 
It is a measure of a man’s greatness that, 
100 years later and 30 years after his death, 
his name is still a byword in medical, and 
particularly neurosurgical, circles. No apol­
ogy is made for making another contribu­
tion to the legend of Harvey Cushing. 
Many facets of his life were closely asso­
ciated with Canada and Canadians. One 
man, outside his immediate family, who 
influenced Cushing’s life and the subse­
quent direction it took perhaps more than 
any other was Sir William Osier. Later 
when Cushing became a world figure in 
his own right he was responsible for the 
training of the first neurosurgeon in Can­
ada, Kenneth G. McKenzie.
Who was this man who introduced the 
sphygmomanometer to the North American 
continent and the routine measurement of 
blood pressure during surgical operations; 
who, with Amory Codman, drew up the 
first anesthetic charts as we know them to­
day; who gave his name to a syndrome 
now produced more often by steroid ther­
apy than by the basophilic adenoma of 
the pituitary gland that he discovered; who 
became William Halsted’s greatest pupil, 
transferring the meticulous techniques of 
this surgeon to the new field of neurosur­
gery; and who became a first-rate biblio­
phile and author of one of the great 
biographies of this century, his “Life of 
Sir William Osier”?
The milestones in Harvey Cushing’s 
career are well known. He received the
"Assistant Professor of Surgery, Department of 
Neurosurgery, University Hospital, University of 
Saskatchewan, Saskatoon, Sask.
Fig. 1.—Harvey Cushing. (Reproduced by per­
mission from the British Journal of Surgery, 27: 
443, 1940.)
best medical education that the United 
States offered at the end of the last century. 
He graduated B.A. from Yale in 1891 and 
transferred to the Harvard Medical School 
from which he graduated in 1895. He 
spent a year as a house officer at the Mas­
sachusetts General Hospital and then, in 
1896, went to Johns Hopkins Hospital and 
Medical School where he came under the 
influence of William Halsted and became 
his resident in surgery. It was at Johns 
Hopkins Hospital that Cushing first met 
William Osier and he came increasingly 
under the influence of that great physician. 
It was also at Johns Hopkins that Cushing 
first saw injury to the spinal cord—in a 
barmaid who was shot by her irate hus­
band. He followed her closely as her con­
dition improved and he subsequently re-
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ported her case as his first attempt at 
scientific writing. This experience un­
doubtedly influenced Cushing’s decision 
to enter the completely unknown field of 
neurological surgery.
In 1900, armed with letters of reference, 
Cushing travelled to Europe. He had in­
tended to spend time with Victor Horsley 
in London. Cushing met him and watched 
him operate on a gasserian ganglion in a 
patient’s house. Horsley had his patient 
under ether anesthesia in five minutes and 
was soon operating. The subsequent im­
pressions are well recorded in Fulton’s 
biography—“A great hole in the woman’s 
skull—temporal lobe pushed up—blood 
everywhere, gauze packed in the middle 
fossa, the ganglion cut, the wound closed, 
and out of the house in less than an hour 
after he had entered it.” This experience 
was anathema to Cushing who had been 
brought up in the Halsted tradition of slow 
operating with careful attention to tissues 
and hemostasis, and he saw no future in 
London. Consequently he proceeded to 
Berne, Switzerland. Here he stayed for one 
year nominally working under the great 
European surgeon Theodor Kocher but in 
fact working in the physiological labor­
atories of Hugo Kronecker. In Berne he 
studied intracranial pressure, establishing 
for the first time the basic physiological 
changes that occur when pressure is raised 
within the enclosed skull. Before leaving 
Europe, Cushing visited Italy and picked 
up a model of Riva-Rocci’s blood-pressure 
apparatus with an inflatable armlet which 
he introduced to North America and 
adopted for use in all his subsequent sur­
gical procedures. Cushing then spent some 
months in Liverpool, England, with Sir 
Charles Sherrington and, at the end of this 
time, made up his mind that he was going 
to devote his life to surgery of the nervous 
system.
On his return to Baltimore, Cushing 
informed Halsted that he wished to con­
centrate on neurological surgery and even 
Halsted’s famous reply of “but Cushing, 
we only had two cases of brain tumour 
last year” did not deter him. For the next 
12 years Cushing remained at the Johns 
Hopkins Hospital and neurological cases 
began to accumulate. He adopted the slow,
careful techniques learned from Halsted 
and initiated new methods of obtaining 
hemostasis in neurosurgical operations. 
Bone wax, for the control of bleeding from 
bone, had been introduced by Victor 
Horsley. Cushing applied many hemostats 
to the galea to cut down bleeding from the 
scalp. He invented the small, silver clips 
that could be applied to bleeding points 
on the surface of the brain and finally, 
much later in 1926 with Dr. W. T. Bovie, 
he introduced electrocoagulation. During 
the first decade of this century at Johns 
Hopkins, Cushing continued to do some 
general surgery but his main contribution 
in this field was the establishment of the 
Hunterian laboratory where undergradu­
ates and graduates were encouraged to un­
dertake surgical research and develop sur­
gical techniques on living animals. This 
was a major advance over the situation 
which had obtained before Cushing 
founded this laboratory—a period when 
surgical students practised on cadavers. 
During these years also Cushing became 
interested in the pituitary gland and, in 
1909, he began to publish monographs on 
experimental hypophysectomy and physio­
logy of the pituitary. In a paper read be­
fore the Section of Surgery, the American 
Medical Association in June 1909 he first 
introduced the terms hypopituitarism and 
hyperpituitarism. Subsequently, over the 
years, Cushing fully elucidated the various 
tumours of the pituitary gland, distinguish­
ing the more common chromophobe ade­
noma from the rarer eosinophilic and baso­
philic tumours. He confirmed that acrome­
galy was associated with the eosinophilic 
tumour and described the syndrome asso­
ciated with the much rarer basophilic 
adenoma—now known by his name. While 
pursuing physiological investigation of the 
pituitary, Cushing was operating on many 
of these tumours. Early in his career, he 
became disillusioned with the trans-sphen- 
oidal route and thereafter concentrated on 
the transfrontal approach. Subsequently 
his mortality rate for removing these tu­
mours became so low that it has hardly 
been bettered since. This success was 
repeated again with other tumours of the 
brain such as meningiomas and tumours 
of the cerebellum.
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By 1912 Cushing had established him- 
*■ self as a world figure. His first book, “The 
Pituitary Body and Its Disorders”, was 
published during that year. After turning 
down many offers to become professor of 
surgery at various universities in the United 
► States, he finally accepted an offer to be 
Professor of Surgery at the Harvard Medi­
cal School at the newly built Peter Bent 
Brigham Hospital. For the next 20 years, 
V with two years out for war service in 
France between 1917 and 1919, Cushing 
remained there as Professor of Surgery. 
A few words about the war years are 
warranted as they have been so well docu­
mented by Cushing himself in his book 
“From a Surgeons Journal”.
^ Cushing visited France twice during the 
war. First, in 1915, he was attached to 
, the British Expeditionary Force for three 
months, and then he returned again in 
1917 after the United States entered the 
• war. On this second occasion he remained 
in France as Senior Neurological Surgeon 
i for two years. The diary that he kept 
during this time comprises his book. Some 
abstracts from it are worthy of note. On 
August 15, 1917, after describing several 
serious head wounds, he comments, “They 
shove the more serious cases onto us, which 
is what we want, but I am beginning to 
be a little doubtful about eight a day if 
they are all of this magnitude.” One of 
the criticisms levelled against Cushing has 
been that he concentrated almost entirely 
on tumours of the brain throughout his 
life. After reading his war journal, one has 
no doubt that, in a two-year period, Cush­
ing had more experience with penetrating 
injuries to the head than any single man 
could possibly have had before or even 
since. Cushing was not exempt from per­
sonal crises and one of these occurred on 
_ August 30, 1917 in the form of a strange 
and sad coincidence. He relates how, a 
few days previously, he had received a 
letter from Lady Osier telling him that her 
son Revere was somewhere near and how 
dreadful it would be should he be brought 
in with a head wound. Three days later 
he received a telegram as follows: “Sir 
Wm. Osier’s son seriously wounded at 47 
C.C.S. Can Major Cushing come immedi­
ately?” He goes on to describe the shrapnel
wounds, “It could not have been much 
worse, though there was a bare chance- 
one traversing through the upper abdomen, 
another penetrating the chest just above 
the heart, two others in the thigh, fortu­
nately without a fracture.” He was oper­
ated upon by George Crile but he died 
and was buried the next morning in 
Flanders Field. Then on January 28, 1918 
he writes, “I saw poor Jack McCrae—last 
night—the last time. A bright flame rapidly 
burning out. He died early this morning. 
Just made consulting physician to the first 
army—the only Canadian so far to be thus 
honoured—a soldier from top to toe—how 
he would have hated to die in bed—an 
atypical pneumonia with extensive pneu­
mococcus meningitis—they will bury him 
tomorrow. Some of the older members of 
the McGill Unit who still remain here, 
were scouring the fields this afternoon to 
try and find some chance winter poppies to 
put on his grave—to remind him of Flan­
ders, where he would have preferred to 
lie.”
Cushing and Osler
Osier recognized Cushing’s talents shortly 
after his arrival in Baltimore and it is 
interesting to record that, at Osier’s re­
quest, Cushing probably did the first 
splenectomy for Banti’s disease on the 
North American continent. While in Lon­
don visiting Horsley, Cushing met Osier 
and had an opportunity to spend some 
time with him. It was here that their 
friendship became firmly cemented. On his 
return to Baltimore, Cushing moved into 
a vacant house next to the Osiers and it 
is a measure of the friendship between the 
two families that a gateway was built in 
the fence between their two backyards. 
Cushing was frequently in Osier’s home 
learning about and reading his books and 
Osier’s greatest contribution to Cushing 
was to instil in him a love of books and 
an interest in medical history. It was due 
to Osier that Cushing became an author­
ity on Vesalius and, near the end of his 
life, Cushing began a biobibliography of 
Vesalius which was published after his 
death in 1943. Osier left Baltimore in 1905 
to become Professor of Medicine at Oxford 
University but the friendship was main-
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tained with frequent visits by both across 
the Atlantic. Sir William Osier died on 
December 20, 1919. Shortly after, Lady 
Osier asked Cushing if he would write a 
biography. The biography was completed 
during the next four years in his “spare 
time” and the research required was carried 
out with the accuracy and concentration 
on details that one might have expected 
of Cushing. “The Life of Sir William Osier” 
was finally published in two volumes in 
1925. It received immediate and wide 
recognition and the following year was 
accorded the Pulitzer Prize in letters by 
Columbia University. The last two para­
graphs are quoted because they give some 
idea of Cushing’s deep respect for Osier 
and also illustrate how well Cushing wrote.
“So they—the living—left him overnight; 
alone in the Lady Chapel beside the 
famous ‘watching-chamber’ which over­
looks the shrine of the Saint, and with the 
quaint effigy of his beloved Robert Burton 
near by—lying in the scarlet gown of Ox­
ford, his bier covered with a plain velvet 
pall on which lay a single sheaf of lilies 
and his favourite copy of the ‘Religio’, 
comes viae vitae que.
“And perhaps that New Year night saw, 
led by Revere, another procession pass 
by the ‘watching-chamber’—the spirits of 
many, old and young-of former and mod­
ern times—of Linacre, Harvey, and Syden­
ham; of John Locke, Gesner, and Louis; 
of Bartlett, Beaumont, and Bassett; of 
Johnson, Bovell, and Howard; of Mitchell, 
Leidy, and Stille; of Gilman, Billings, and 
Trudeau; of Hutchinson, Horsley, and 
Payne; of the younger men his pupils who 
had gone before—Jack Hewetson, Mac- 
Callum, and McCrae; and in still greater 
number those youths bearing scars of 
wounds who more recently had known and 
felt the affection and warmth of the ‘Open 
Arms’—doubly dead in that they died so 
young.”
C ushing and K. G. M cK en zie
At the end of the war Cushing returned 
to Boston and, for the next 12 years, saw 
the fruits of his labours ripen and flourish. 
It was during this time that many young 
men who subsequently became eminent 
neurosurgeons in various parts of the world
came to work with and learn from Cushing. 
One of these men was Kenneth G. Mc­
Kenzie. McKenzie had graduated from the 
University of Toronto in 1914 and for the 
next four years had been a medical officer.
In 1918 he had bought a practice in Tor­
onto and was also a demonstrator of 
anatomy. He had tried to persuade Clar­
ence L. Starr, the Professor of Surgery, to 
help him become a surgeon. In 1922 he 
was on the point of giving up and had / 
planned to leave Toronto to engage in 
general practice and surgery in a small 
community. McKenzie’s description of what 
transpired next to change the course of his 
life is quoted in full. “In 1922, the Charles 
Mickle Fellowship of the University of 
Toronto was awarded to Dr. Cushing as 
the member of the medical profession any­
where in the world who was considered 
by the Medical Faculty of the University 
of Toronto ‘to have done most during the 
previous ten years to advance sound knowl­
edge of a practical kind in Medical Art or 
Science’. Dr. Cushing accepted the award 
of $1000.00 and requested the University 
of Toronto to send to Harvard one of its 
young graduates to work with him for a 
year. In this way, I became his Resident. 
During that year Dr. Cushing passed the 
Mickle prize fund on to me, evidently real­
izing how helpful financial assistance often 
is to a young doctor.” In this unique way, 
was Canada’s first neurological surgeon 
and the founder of the specialty of neuro­
logical surgery in this country introduced 
to the new field. McKenzie did not believe 
those who told him that there was no need 
for a neurological surgeon in Toronto, just 
as Cushing had not believed Halsted 22 
years before. McKenzie spent a year in 
Boston and it would seem that his person­
ality clashed with that of Cushing from 
time to time. However, McKenzie’s subse­
quent record leaves no doubt that he found 
in Cushing an admirable teacher, an ex­
ample and also a friend. For Cushing’s 
sixtieth birthday celebration in 1929 Mc­
Kenzie contributed to a Festschrift a paper 
on the treatment of abscess of the brain.
At the subsequent birthday party, when 
Cushing’s emotion at the event was on the 
point of embarrassment, McKenzie jumped 
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coloured necktie which he hoped would 
outdazzle Cushing’s bright orange favour­
ite and quoted the following lines:
Some may long for the soothing touch 
Of lavender, cream and mauve,
Rut the ties I wear must possess the glare 
Of a red hot kitchen stove.
The books I read and the life I lead,
Are sensible, sane and mild 
I like calm hats and I don’t wear spats 
But I want my neckties wild.
McKenzie continued to practise in Toronto 
until his retirement from the University in 
1953 and he died on February 11, 1964.
During the years at the Peter Bent 
Brigham, Cushing’s primary interest was 
tumours of the brain. He always encour­
aged his residents to keep an “operative 
score”, and he analyzed his own cases in 
such depth that he was able to place 
the histopathology and natural history of 
almost all the tumours of the brain in 
perspective. As a result of this work, he 
published books on tumours of the nervus 
acusticus (1917); tumours of the glioma 
group (with Percival Bailey 1926); and 
meningiomas ( with Louise Eisenhardt 
1938). In 1931 Cushing operated on his 
two thousandth verified brain tumour 
which was recorded for posterity on film. 
The next year he published a book which, 
as Fulton says, “represents an over-all re­
port on Cushing’s life work”, under the 
somewhat clumsy title “Intracranial Tu­
mours: Notes Upon a Series of Two Thou­
sand Verified Cases With Surgical-Mor­
tality Percentages Pertaining Thereto”.
In 1932 Cushing retired from active 
surgery and from his position as Professor 
at Harvard Medical School. He was 
promptly appointed Sterling Professor of 
Neurology at Yale. Here he set up the 
Brain Tumour Registry, which provided 
the clinical and pathological correlation of 
the natural history of the various types of 
brain tumours. He also began work with 
Louise Eisenhardt, his one-time secretary, 
and subsequently his medical colleague, 
on the book that is his greatest medical 
achievement. Having coined the name 
“meningioma” for the benign growth of 
the meninges, Cushing analyzed the natural 
history of 313 of these tumours. The book, 
“Meningiomas: Their Classification, Re­
gional Behaviour, Life History, and Sur­
gical End Results”, was finally published 
in 1938.
In April 1939 Cushing celebrated his 
seventieth birthday. On October 7, just 
one month after the beginning of the 
Second World War, the outcome of which 
he viewed with justified fear and concern, 
he died of coronary thrombosis. A coin­
cidental finding at autopsy was a small 
colloid cyst of the third ventricle.
It has been said that Harvey Cushing 
held back the progress of neurosurgery for 
15 years. This exaggeration has some foun­
dation for it refers to Cushing’s private 
quarrel with Walter Dandy. Cushing never 
accepted fully most of Dandy’s work, par­
ticularly that on ventriculography, which 
was a tremendous advance in diagnostic- 
technique. The animosity between these 
two men is one of the regrettable incidents 
in Cushing’s life. Cushing was not mag­
nanimous and did not relish competition. 
His jealous interest in priority lost him 
friends, but of his honesty there was no 
doubt. Cushing’s patients had great re­
spect for him and if he undertook to oper­
ate on them “with some misgivings” (a 
favourite phrase of his), they knew intu­
itively that he would, as far as he could, 
follow his principle “In case one can ac­
complish nothing, the next most desirable 
thing is to do no harm.” Sir Geoffrey 
Jefferson sums up Harvey Cushing’s char­
acter as follows: “The only conclusion that 
one can reach after making the concessions 
that honesty compels is that a man may 
be as near great as mortals can, be incan­
descent in the scientific world, and yet 
have faults. Obviously it cannot be other­
wise.”
It is impossible to include all the achieve­
ments in Cushing’s life. Many of these not 
already mentioned would have been suffici­
ent for a lesser man. For example, he 
played a part in the very first use of radio­
graphs on this continent and set up the 
first x-ray unit at the Johns Hopkins Hos­
pital in 1896. About this time also, Cushing 
became concerned about the management 
of acute apDendicitis which Fitz had de­
scribed a few years earlier in Boston. 
When, in 1897, Cushing diagnosed an 
acute appendicitis in himself, he implored
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Halsted to operate quickly. After this, 
Cushing never lost an opportunity to en­
courage early operation for this condition. 
Shortly before his death, Cushing was 
elected an Honorary Fellow of the Royal 
College of Physicians of London, the first 
surgeon ever to receive this honour. Cush­
ing was particularly impressed by the 
historical import of the occasion. Finally, 
no appreciation of Cushing is complete 
without mention of his talent as an artist. 
Earlier in his life he was a better artist 
than author but later gave up drawing 
when he found it easier to express himself 
in words. However, throughout his life he 
frequently illustrated his papers, operative 
notes and letters with his characteristic line 
drawings.
There have been overwhelming ad­
vances in all the scientific disciplines in 
the last 30 years. By incorporating some 
of these, neurosurgery has progressed. One 
would hope that Cushing would take heart 
from the knowledge that his influence is 
still felt daily. Whether a writer 70 years 
from now, composing a centennial appre­
ciation on the death of Harvey Cushing, 
will be able to comment on the continued 10. 
effect of his influence is hard to predict, j | 
It is the opinion of this writer, however, 
that Harvey Cushing has established him- 12- 
self in the annals of medical history. He
follows in the footsteps of John Hunter, 
Theodor Billroth and William Osier, as a 
scientific investigator, a surgeon and 
founder of a school, and a humanist.
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REN A L HEM O DYNAM ICS D U RIN G
S E L E C T IV E  REN A L ANGIOGRAPHY
The authors studied the effect on renal 
hemodynamics of an injection of 60% sodium 
diatrizoate and meglumine diatrizoate (Uro­
grafin) into the renal artery of patients under­
going selective renal angiography and of dogs.
In the animal experiments they observed 
that, immediately after the injection, there was 
a definite but variable reduction in renal 
blood flow as determined by dye-dilution 
technique. There was no dose-response rela­
tionship betw een the contrast material dose 
and the renal vasoconstriction. The vasocon­
striction occurred even at doses used for
selective renal angiograms (2 m l./100 ml. renal 
blood flow) but was not potentiated with ten­
fold to fifteenfold increases in dose. The vaso­
constriction was generally reversed within 5 
to 10 minutes.
During the first 4 0  seconds after the con­
trast medium was injected there was a striking 
increase in the extraction factor of para-amino- 
hippuric acid. These results point to the post- 
glomerular arterioles as the primary site of 
vasoconstriction.
Results of the patient studies generally con­
firm the data from the animal experiments.— 
Aperia, A., Broberger, O. and Ekengren, K.: 
Renal hemodynamics during selective renal 
angiography, Invest. R adiol., 3: 389, 1968.
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O R I G I N A L  A R T I C L E S
THE HUMAN ELECTROGASTROGRAM AT OPERATION:
A PRELIMINARY REPORT0
J. ALEXANDER McINTYRE, M.D., F.R.C.S.JC], F.A.C.S.,
MERVYN DEITEL, M.D., F.R.C.S.[C], MICHAEL BAIDA, M.D., F.R.C.S.fC] 
and SYED JALIL, M.D., C.R.C.S.[C], Toronto, Ont.
O ver the past three years at St. Joseph’s 
Hospital, Toronto, we have attempted to 
define the electrical activity of the human 
stomach at the time of operation. We 
studied 205 patients to determine if there 
were any recordable differences in the 
rhythmic electrical complexes in various 
clinical conditions and following vagotomy.
Smooth muscle cells, like all excitable 
tissues, are characterized by changes in 
electrical potential about their membranes, 
which may be recorded electromyographi- 
cally. The presence of rhythmic electrical 
waves in the muscle of the gastric antrum 
in dogs and humans was reported in 1922 
by Alvarez and Mahoney1 who measured 
these changes with electrodes applied 
directly to the external surface of the 
stomach. Morton2 in 1954, using swallowed 
or intragastric electrodes in humans, meas­
ured what he believed to be the electro­
motive force produced by the gastric 
mucosal glands and by action currents of 
the gastric muscles. He pointed out diag­
nostic possibilities of the electrogastro- 
gram.
Bass, Code and Lambert3 designated the 
cyclic electrical activity of the gastroin­
testinal muscle as the “basic electrical 
rhythm”. In dogs, they noted that spike 
potentials or fast changes in potential 
sometimes were associated with the slower 
waves of the basic electrical rhythm (Fig. 
1). The spike potentials preceded visible 
muscle contractions. The terminology used 
by workers in this field varies; in this paper 
we have used those terms that appealed to 
us as the most descriptive.
In the pyloric antrum of laboratory 
animals, the slow-wave frequency is three
“From the Department of Surgery, St. Joseph’s 
Hospital, 30 The Queensway, Toronto, Ont. 
Supported by a grant from the St. Joseph’s Hospi­
tal Research Foundation.
with increasing amplitude. Bipolar leads in the 
antrum and a biphasic wave are shown (cpm =  
cycles per minute). For unipolar recording, the in­
different electrode is placed in the dermis and 
attached to input B of the dynograph. Two of the 
uniphasic waves are depicted in the inset. Mem­
brane potentials: a to b =  depolarization; b to 
c =  slower recovery; d =  isoelectric. When 
bursts of spike potentials occur, these precede 
local contractions.
to five cycles per minute ( cpm) ,3' 4 The 
fundus, on the other hand, is electromyo- 
graphically inert.5 The pylorus, which is 
defined by Bass, Code and Lambert3 as 
the hypom uscuhr segment interposed be­
tween the muscular pyloric canal and the 
duodenum, is an “electric insulator” and 
shows no electrical activity.3,6 Duodenal 
electrical discharges appear to be indepen­
dent of those in the stomach.3, 5 The duo­
denal bulb shows irregular electrical dis­
charges.7 However, beyond the opening of 
the common bile duct, the duodenum 
discharges at the rate of 17 to 20 cpm,811 
and the waves decrease in frequency dis-
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Fig. 2.—Bipolar recordings, (a) Electrogastrogram at operation for chronic cholecystitis and hiatus 
hernia (frequency =  2.9 cpm, amplitude =  2.6 mv., velocity =  0.8 cm./sec.). (b) Tracing at lapar­
otomy for pancreatic pseudocyst (frequency =  2.6 cpm, amplitude =  3.1 mv., velocity =  0.6 cm./sec.).
tally to 10/min. in the terminal ileum 
(Fig. I).7
M eth od
A Beckman Type RB dynograph ampli­
fier was used to record the changes in 
potential along the gastric wall. Needle 
electrodes," insulated except for the tips 
and sterilized, were inserted through the 
serosal surface perpendicularly into the 
muscular layer of the gastric wall. For 
bipolar recording, two electrodes were 
implanted on the anterior surface of the 
antrum near the greater curvature at two 
selected points: one electrode was placed
approximately % inch (1.9 cm.) proximal 
to the pylorus, and the second electrode 
was placed approximately Vz inch (1.25 
cm.) proximal to the first.
Bipolar leads were used to minimize 
the effects of interference in the operating 
room. Also, with a negative deflection being 
recorded from the proximal electrode and 
a positive deflection from the distal elec­
trode (Fig. 2), the velocity of conduction 
between the two electrodes could be mea­
sured.
Unipolar recording was also employed, 
with the different or exploring electrode 
being inserted into the antrum approxi-
°Needle electrodes were 20% iridium/platinum 
connected to a tinned copper wire with TFE 
Teflon insulation.
mately % inch (1.9 cm.) orad to the pylorus 
and the indifferent or constant-potential 
electrode into the dermis. Unipolar leading
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Fig. 4.—Monopolar recording. The fine artifacts correspond to the heart rate on the electrocardio­gram. The operation was for chronic cholecystitis.
allowed accurate recording of the actual 
shape of the electrical complexes (Figs. 3 and 4).
The leads were connected to the ampli­fier and the ground-wire of the dynograph 
was connected to a plate under the pa­tient’s buttock. A paper speed of 2.5 mm./ 
sec. was usually selected, and the sensi­
tivity was adjusted so that 2 mv. of 
electrical-potential change produced 1 cm. of stylus deflection.
Recordings were made under operative 
conditions. All patients had fasted for at least eight hours, and the preoperative and 
anesthetic drugs included meperidine and 
atropine, thiopental (Pentothal) induction, 
nitrous oxide and oxygen, a muscle relax­
ant and, in most cases, halothane.
pine intravenously: we repeated the tracing and noted no change in the pattern of the electrogastrogram under the conditions of the experiment.
Observations of W ave C haracteristics
Since the waves showed maximum am­
plitude in the pre-pyloric area near the 
greater curvature, this site was selected for 
tracings. Proximally the discharges were 
of lesser voltage and were erratic or absent in the fundus.
With bipolar recording, the complex con­
sisted of a negative followed by a positive 
deflection, considered to represent the wave 
of depolarization passing over each elec­
trode as it travelled distally. Increasing 
the distance between the two electrodes 
above 1.5 cm. resulted in separate deflec­tions, whereas reduction of the interelec­
trode distance to less than 1.0 cm. produced a single, biphasic wave.
With unipolar recording, the character­
istic slow wave consisted of an abrupt 
negative deflection (depolarization), fol­
lowed by a notch and a secondary negative deflection or plateau. When antral contrac­
tion was visible, this was preceded by bursts of fast electric activity which occur­
red on the plateau (Fig. 1). With bipolar 
recording, rapid spikes corresponding to 
motion occurred following the biphasic wave (Fig. 5).
When the abdomen was opened, the
^  i I i  ^i ■U4:ky^^.ycbfeU.y I \ 4-U l.vi-U 1 MAiUsMt-i
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Fig. 5. Bipolar recording. Bursts of fast changes in potential follow the biphasic waves. Antral contractions were visible at this time.
We compared the pattern in non-atro- pinized patients by omitting the atropine 
commonly used as preoperative medication. Then, after taking our tracing, we asked 
the anesthetist to give these patients atro-
stomach usually showed little or no motor 
activity. The rhythmic electrical complexes 
were associated with no visible movements. Spike potentials (and hence contractions) were seen infrequently. Regular artifacts,
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which corresponded to respiration, and 
finer “blips”, which corresponded to heart 
rate, were largely cancelled out in bipolar 
leading.
Withholding meperidine and atropine in 
the doses commonly used preoperatively, 
or subsequent intravenous administration 
of atropine during operation, did not 
appear to affect the basic electrical rhythm. 
As far as we know, the effect of the anes­
thetic agents used at operation on the pat­
tern is unknown. After the stomach is 
handled, the electrical rhythm is often dis-
Analysis of Changes in Frequency, 
Amplitude and Velocity
The major disease classifications in 205 
patients in whom we recorded electrogas- 
trograms during an operation are shown in 
Table I. Whenever possible the recordings 
were made before the stomach was manip­
ulated. Rhythmic electrical waves were 
discerned in more than 60% of tracings in 
every category except gastric carcinoma. 
In malignancy, conduction of the currents 
may be interrupted by tumour cells. How-
Fig. 6.—Bipolar tracing. Pinching the stomach (P) occasionally produced a premature wave; the 
appearance of the next wave was then delayed.
torted for a short period. For this reason, 
we excluded from the measurements the 
first few waves that we recorded after the 
insertion of the needle electrodes. Mechan­
ical stimulation (pinch) of the stomach 
about one inch proximal to the electrodes 
occasionally precipitated the next wave 
prematurely; following this, the appear­
ance of the next wave was delayed (Fig. 6). 
Infrequently, pinching initiated a series of 
premature waves of lower amplitude.










Normal stomach........ 112 78 (69.6)
Duodenal ulcer.......... 59* 47 (79.7)
Gastric ulcer............... 14 12 (85.7)
Gastric carcinoma.. .. 12 7 (58.3)
Otherf.......................... 8 6 (75.0)
T ota l...................... 205 150 (73.1)
T h ree  patients who had both duodenal and 
gastric ulcers have been included under duodenal 
ulcer.
fDuodenal web with gastric stasis, pancreatic 
pseudocyst with gastric stasis, volvulus of the 
stomach, gastric polyp, ectopic pancreas in the 
antrum, Brunner-gland hypertrophy, and congenital 
pyloric stenosis (two cases).
ever, this interpretation is only tentative 
because the number of gastric carcinomas 
in this series was small.
The various disease entities composing 
the “normal” stomach are shown in Table 
II. Regular waves were present in only
TABLE II.—E lectrogastrograms From N ormal Stomachs
R e a s o n  f o r  o p e r a t io n
N u m b e r  o f  R e g u la r  w a ves  
p a t ie n t s  p r e s en t
N o  w a ves  
d iscern ib le
G a l lb la d d e r  d is e a s e ........................... 7 9 5 0  ( 6 3 .3 % ) 2 9
H ia tu s  h e r n ia .........................................
G a l lb la d d e r  d is e a se  a n d
16 13 3
h ia tu s  h e r n ia .................................. 11 10 1
I n t r a - a b d o m in a l  m a lig n a n c y 4 3 1
0C h r o n ic  p a n c r e a t i t i s ......................... 1 1
E c t o p i c  p a n c r e a s  in  d u o d e n u m . 1 1 0
T o t a l ................................................... 112 7 8  ( 6 9 .6 % ) 3 4
63.3% of recordings in patients with gall­
bladder disease, perhaps because inflam­
mation was still present in certain of these 
patients. However, we obtained these 
waves more frequently in later tracings, 
possibly because our technique had im­
proved.
Recordings made on two 4-week-old in­
fants with congenital, hypertrophic, pyloric 
stenosis showed very low voltage and low 
frequency waves (Fig. 7).
In the duodenal ulcer group, 11 patients 
had some degree of pyloric obstruction, 
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Fig. 7.—Bipolar electrogastrogram from a 4-week-old infant with congenital pyloric stenosis. 
The arrows point to wave complexes. The zero-line was adjusted mechanically to a higher level on 
the paper before the third wave shown (frequency =  1.8 cpm, amplitude =  0.35 mv.).
before operation. Nine of these 11 had 
wave complexes, but in 3 these occurred 
at an irregular rate. Five patients in the 
duodenal ulcer group had undergone gas­
tric freezing within the previous three 
years and three of these had no waves but 
instead had irregular, bizarre tracings.
The electrogastrograms that showed 
regular waves were divided into the four 
major categories ( normal stomach, duo­
denal ulcer, gastric ulcer and gastric car­
cinoma) and analyzed statistically to detect 
significant differences in frequency, ampli­
tude or velocity under the experimental 
conditions. The average frequency  of the 
regular complexes (cpm) was calculated 
in each electrogastrogram on the basis of 
at least five waves, excluding the initial 
waves. The average am plitude (mv.) was 
measured from the larger of the bipolar 
deflections, which were approximately 
equal when the electrodes were 1.25 cm. 
(Vz inch) apart or, preferably, from the 
voltage of the monopolar recording. The 
monopolar and bipolar measurements were
TA BLE I I I — Average F requency, Amplitude and Conduction 
Velocity of E lectrical W aves*
Number o f  Frequency Amplitude Velocity 
Condition patients (cpm) (mv.) (cm ./sec.) t
Normal stomach..............  78
(jailbladder disease. . .  50
Hiatus hernia . .............  13
Gallbladder disease 




With gastric stasis . . 6







3 .4 1.3 1.1
3 .2 1.4 1.2
3 .8 1.2 1.0
3 .6 1.3 1.0
2.6 1.0 1.1
4 .0 1.3 1.1
4 .9 1.4 1 .2
5.1 1.9 0 .9
3 .0 1.4 0 .9
3 .4 1.3 0 .9
3 .5 1.4 0 .8
3 .3 1.2 1.0
3.3 0 .8 1.2
*Only electrogastrograms with discernible wave complexes are in­
cluded.
10nly velocities that could be accurately measured are included.
found to correspond closely under these 
circumstances. The velocity  of propagation 
( cm./sec.) in the antrum was calculated in 
bipolar recordings by dividing the inter­
electrode distance (1.25 cm.) by the time 
interval between the positive and negative 
peaks.
Table III shows the data for the major 
classifications. In normal stomachs the 
average frequency was 3.4 cpm with an 
amplitude of 1.3 mv. and velocity of 1.1 
cm./sec. The normal group was subdivided 
into gallbladder disease, hiatus hernia, and 
“other intra-abdominal disease”. All data 
were subjected to an analysis of variance 
and compared statistically. At the 95% 
confidence level, there was no significant 
difference in frequency, amplitude or vel­
ocity between any of the groups.
The duodenal ulcer group appeared to 
have a greater wave frequency (Table III), 
which appeared even greater when there 
was gastric stasis. Again, there was no 
significant statistical difference. The de­
creased amplitude in the gastric carcinoma 
group was also not significant.
Wave data were also compared for 
differences related to age, sex and halo- 
thane maintenance anesthesia, and no sig­
nificant differences in frequency, amplitude 
or velocity were detected.
TA BLE IV .— E ffect  of Vagotomy and P yloroplasty on Average 
F requency, Amplitude and Conduction Velocity of E lectrical 
Waves
Number o f  Frequency Am plitude V elocity
Tim e o f  recording patients (cpm) (mv.) (cm ./sec.)
Before vagotomy..............  25 3 .7  1 .3  1.1
After vagotom y................ 25 3 .6  1 .3  0 .9
After vagotomy and
pyloroplasty..................  6 3 .6  0 .6  0 .8
Table IV shows that the wave character­
istics measured were not significantly
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Fig. 8.—Bipolar tracing. The rhythmic complexes are not abolished by vagotomy.
altered by vagotomy (Fig. 8) or by vagotomy and pyloroplasty. After pylo­
roplasty it was, of course, technically im­
possible to reinsert the electrodes in exactly 
the same linear relationship as in the pre­
pyloroplasty tracings.
E xcised  P ortion s  of St o m a c h
Bipolar recordings were made on 13 
specimens of resected stomachs that had been placed in a warm solution of Nor- 
mosol-M (Abbott Laboratories, Montreal)
into which oxygen was bubbling. The an­
terior surface of the stomach was exposed 
above the fluid level of the bath to prevent 
short circuiting of the electrodes. There 
was no visible movement of the specimens. Rhythmic electrical complexes were re­
corded from all specimens that consisted 
of two-thirds or more of the stomach or 
where the resection was carried high on 
the lesser curvature (Table V).
The biphasic waves travelled with 
increasing amplitude towards the pylorus,
TABLE V.— R eco rd in g s  on  E x c ise d  Stom achs
Patient Disease Specimen
Regularwavesdiscerniblebeforeresection
Regular waves on resected specimen
1. M.K. Gastric carcinoma (corpus)Gastric carcinoma (corpus)
Total gastrectomy Yes Yes
2. M.B. 4/5 gastrectomy Yes Yes
3. F.W. Gastric carcinoma (antrum) 3/4 gastrectomy
No Yes
4. W.C. Gastric carcinoma (antrum) 3/4 gastrectomy
No Yes
5. D.H. Gastric carcinoma (antrum) 2/3 gastrectomy
(No tracing taken) Yes
6. L.B. Gastric carcinoma (antrum) 2/3 gastrectomy
(No tracing taken) Yes
7. A.H. Duodenal ulcer 2/3 gastrectomy Yes Yes8. A.M. Gastric ulcer (corpus)
3/5 gastrectomy, extending high on lesser curvature
Yes Yes
9. A.D. Gastric ulcer (antrum)
3/5 gastrectomy extending high on lesser curvature
Yes Yes
10. S.P. Gastric ulcer (antrum)
3/5 gastrectomy Yes No(straight line)
11. S.N. Gastric ulcer (corpus)
Hemigastrectomy Yes No(completely irregular)
12. M.P. Gastric ulcer (antrum)
Antrectomy, extending high on lesser curvature (within 1 inch of cardioesophageal junction)
Yes Yes
13. J.O. Duodenal ulcer 2 x 1.2-cm. full-thickness pre­pyloric segment (from pyloroplasty incision)
(No tracing taken) No(straight line)
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Fig. 9.—Bipolar tracing. (Top) Before gastric re­
section the pattern was completely irregular. 
(Bottom) Broad, rounded waves recorded from the 
specimen 14 minutes after % gastrectomy for 
antral carcinoma (frequency =  1.5 cpm, ampli­
tude =  1.0 mv., velocity =  0.34 cm./sec.).
with a straight line indicating no interfer­
ence between complexes (Figs. 9 and 10). 
The initial frequency was about 3 cpm
markedly. Rewarming the bath increased 
the rate of cycles. Waves were observed 
in the specimens for 30 minutes after 
gastrectomy. It is interesting that, in 
stomachs from two patients with carci­
noma, although we recorded no discernible 
waves before gastrectomy, we detected 
rhythmic electrical complexes in the re­
sected specimens (Table V and Fig. 9 ).
D iscussion
In skeletal muscle cells, depolarization 
of the cell membrane with ionic exchange 
produces a spike potential which is fol­
lowed by a contraction. This is a reversible 
state: the ions diffuse back into the cell 
membrane on repolarization. In smooth 
muscle cells smaller, regular changes in
/ t . st
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Fig. 10.—Bipolar (top left) and unipolar (top right) recordings before gastric resection. (Bottom) 
1 wenty-two minutes after % gastrectomy. The tracing from the specimen shows 1.0 cpm (bath al­
lowed to cool to 25° C.).
(Fig. 11). However, as the bath was 
allowed to cool, the waves became broader 
and rounded, and the frequency, amplitude 
and velocity of conduction decreased
potential occur cyclically with no measur­
able mechanical effect; these changes are 
known as the basic electrical rhythm. 
Whether these rhythmic discharges rep-
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Fig. 11.-Regular complexes in a bipolar recording from a specimen after % gastrectomy for 
antral carcinoma (frequency =  2.9 cpm, amplitude =  0.4 mv., velocity =  0.19 cm./sec.).
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resent subthreshold fluctuations in mem­
brane potential, maintenance of tonus or 
regular metabolic changes within the 
cells7 , 1 2 ’ 13 has not been clarified. Accord­
ing to Daniel et al.,u  they represent peri­
odic oscillations of membrane potential, a 
fundamental property of the smooth muscle 
cells in the longitudinal muscle layer of 
the stomach. No corresponding mechanical 
effect has been found with pressure mea­
surements in laboratory animals.
Whether the electrical discharges origi­
nate in the muscle cells3 ’ 7’ 1 4 1 7  or in the 
local myenteric nerve plexuses18'20 has also 
not been settled. These discharges continue 
unaltered after vagotomy and are intrinsic 
—they are present in high-gastrectomy 
specimens.
In dogs, Sugawara21 showed that the 
electrical waves originated in an intrinsic 
pacemaker located at the junction of the 
proximal and middle thirds of the stomach, 
and proceeded distally towards the pylorus. 
When he transected the stomach in its 
proximal third and performed an end-to- 
end anastomosis, the regular wave pattern 
in the distal part continued. However, if 
he transected and reanastomosed the stom­
ach beyond its proximal third, the rhythmic 
electrical complexes were absent distally 
for many months. Daniel and Chapman,22 
however, have recorded the electrical waves 
in the cardia and believe that they origi­
nate there.
Morton2 found variations in the tracings 
obtained from the stomachs of patients 
with various gastrointestinal diseases. He 
observed high amplitude with active duo­
denal ulcer, a marked difference after 
vagotomy (“remarkably quiet”), complete 
irregularity with gastric carcinoma and 
variations with certain emotions. We did 
not observe any statistically significant 
variations in frequency, amplitude or vel­
ocity in these various states. Perhaps 
Morton’s swallowed electrodes recorded 
interference from mechanical contractions 
and acidic changes as well as the muscular 
action currents.
Sobakin, Smirnov and Mishin23 used skin 
electrodes on the body surface to record 
the gastric electrical signals. They observed 
abnormal rhythm with gastric carcinoma
and increased amplitude with pyloric 
stenosis. Their apparatus again appears to 
have recorded the mechanical action of 
the stomach, which was largest after meals. 
The difficulties encountered with this tech­
nique include interference from the large 
potentials of the heart and other organs,24 
various movement artifacts and very low 
voltage of the gastric signals, especially 
in obese subjects. 1
In our electrogastrograms we have at­
tempted to record only the biopotentials 
of the gastric muscle. All recordings were 
performed on fasted, anesthetized, lapar- 
otomized patients. Spike potentials were 
infrequent but when they occurred they 
appeared as bursts of fast electrical 
changes following the apex of the slow 
waves, and were associated with visible 
local contractions.
Daniel et a l.,9 after experiments on the 
intestine and stomach of dogs and humans, 
suggested that the slow wave alters the 
excitability of the gut in such a way as 
to facilitate the bursts of action potential. 
With microelectrodes, Daniel, Honour and 
Bogoch25 demonstrated that the longitu­
dinal muscle cells generate a cyclic depo­
larization wave, and Daniel and Chapman22 
believe that the wave causes increased 
excitability of a band of muscle around 
the intestine as it passes aborally. Bass and 
Wiley, 1 7 , 26 after examining the duodenum 
in anesthetized dogs, also concluded that 
the basic electrical rhythm originates in the 
longitudinal muscle, that it sets the stage 
for the discharge of spike potentials from 
the circular muscle and thus determines 
the rate at which segmental (Type I)  con­
tractions can occur.
In the small intestine in dogs, morphine, 
acetylcholine, physostigmine, histamine, 
serotonin or feeding increase the frequency 
and height of the spikes and the mo­
tility-9' 17’ 20-31 Atropine or low to moderate 
doses of epinephrine, on the other hand, 
inhibit the spike potentials and mechanical 
contractions.4, 14, 16’ 18 However, in both 
instances, the cyclic electrical waves are 
essentially unaffected. Nicotine and curare 
may eliminate the basic electrical rhythm, 
but rhythmic, segmental, mechanical con­
tractions continue.18
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C onclusions
In the human stomach with bipolar and/ 
or unipolar electrical recording techniques, 
we have recorded cyclical slow waves 
without visible mechanical action; they 
have a maximum amplitude in the pre­
pyloric region near the greater curvature. 
At this location under operative conditions, 
these waves had an average frequency of 
3.4 cpm, an amplitude of 1.3 mv. and 
travelled distally at a rate of 1.1 cm./sec. 
The rhythmic complexes were not abolished 
by vagotomy. When various disease con­
ditions or the age and sex of the patient 
were compared, we found no significant 
difference in the characteristics of these 
waves. In patients with gastric carcinoma, 
we found a slightly higher incidence of 
irregular patterns with no waves, but the 
number of tracings was small.
These intrinsic waves could be detected 
in the isolated specimen after resection of 
two-thirds or more of the stomach and 
after resections extending high on the lesser 
curvature. Their frequency, amplitude and 
velocity varied with temperature. It has 
been postulated by other workers that 
there is a pacemaker at the junction of the 
proximal and middle thirds of the stomach 
or near the cardia in dogs. Our findings 
suggest that a similar pacemaker exists in 
the human stomach.
Infrequently at laparotomy, spike poten­
tials were detected on the secondary 
negative deflection or plateau of the wave 
complexes and these preceded visible con­
tractions.
We have not yet analyzed the actual 
wave form under various conditions, but 
in view of its likely origin in the longitu­
dinal muscle layer, we do not expect that 
the electrogastrogram will prove to be a 
useful clinical diagnostic aid.
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R e su m e
Dans l’estomac de l’homme, au moyen de tech­
niques d’enregistrement electrique, bipolaire ou 
unipolaire, ou des deux, nous avons enregistre 
l’existence d’ondes cycliques lentes se produisant 
sans action mecanique visible. Ces ondes at- 
teignent une amplitude maximum dans la region 
prepylorique pres de la grande courbure. A cet 
endroit, du moins dans les conditions operatoires, 
elles avaient une frequence moyenne de 3.4 cycles 
par minute, une amplitude de 1.3 mv et se de- 
playaient en direction distale a la vitesse de 1.1 
cm/sec. Ces complexes rythmiques ne sont pas 
abolis par la vagotomie. Par rapport aux diverses 
conditions pathologiques, ainsi qu’a l’age et au 
sexe du malade, les caracteristiques de ces ondes 
ne differaient guere entre celles. Chez des malades 
souffrant de cancer gastrique, nous avons note 
une frequence legerement plus grande de traces 
irreguliers, sans ondes, mais nous reconnaissons 
que nous ne disposions que d’un petit nombre 
de traces.
Les vagues intrinseques ont pu etre decelees 
dans un specimen isole apr&s resection d’au moins 
les deux tiers de l’estomac et apres des resections 
qui s’etendaient loin sur la petite courbure. Leur 
frequence, leur amplitude et leur vitesse variaient 
avec la temperature. D’autres chercheurs ont emis 
l’hypothese qu’il existerait un “pacemaker” a la 
jonction du tiers proximal et du tiers moyen de 
l’estomac ou pres du cardia chez le chien. Nos 
constatations personnelles plaident en faveur de 
l’existence d’un “pacemaker” semblable dans 
l’estomac humain.
II est arrive a la laparotomie, rarement du reste, 
qu’on ait note des potentiels en fleche au niveau 
de la deflexion negative secondaire ou du plateau 
des complexes cycliques, ces potentiels preeedant 
des contractions visibles.
Nous n’avons pas encore analyse les formes que 
prennent reellement les ondes dans diverses con­
ditions mais, etant donne que leur origine 
probable est situee dans la couche musculaire 
longitudinale, nous ne croyons pas que l’electro- 
gastrogramme puisse jamais constituer un outil 
diagnostique utile en clinique.
SM A L L-IN TE STIN A L  H EA LIN G  IN TH E 
RA T A F T E R  ABDOM INAL IRRA D IA TIO N
In cancer patients, gastrointestinal and 
gynecological operations may be carried out 
after preoperative irradiation. The purpose of 
this study was to investigate the effect of the 
preceding irradiation on intra-abdominal 
wound healing, as exemplified by an end-to- 
end anastomosis in the small intestine. Female 
W istar rats were exposed to the cobalt bomb 
and received 500, 1000 and 1500 r respec­
tively. Three days later they were anesthetized 
with ether, a loop of small intestine was exte­
riorized and divided. The divided ends were 
then reanastomosed with 7-0 silk. The results 
were compared with those obtained in an ap­
propriate control group. The group receiving 
1000 and 1500 r lost weight during the first 
postoperative week. The histological examina­
tion of the intestinal scar did not show any 
differences between the irradiated groups and 
the control group. In all groups, the repair of 
the intestinal mucosa was extremely rapid.— 
Brunet, M., Leducq, J. and Guillon, J.-C .: 
Etude experimentale de la cicatrisation de 
l’intestin grele chez le rat apres irradiation 
abdominale, J. C hir., 96: 563, 1968.
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PARIETAL-CELL MASS (PCM) IN A MAN W ITH  
ZOLLINGER-ELLISON SYNDROME”
PETER SUM, M.D., Ph.D. and BERNARD J. PEREY, M.D., M.Sc., F.R.C.S.[C], F.A.C.S.,t
Sherbrooke, Que.
Several authors have shown a correlation 
between the parietal-cell mass (PCM ) and 
the acid output in response to large doses 
of histamine.1'5 According to Shay,6 in 
man, 109 parietal cells secrete 12 mEq./l. 
of “free” acid each 30 minutes during 
maximal histamine stimulation, and indi­
viduals who secrete more acid under such 
stimulation have a proportionately elevated 
PCM. It has thus become possible to esti­
mate the PCM in patients by a relatively 
simple form of gastric analysis.
In the Zollinger-Ellison syndrome an 
unusually large volume of hydrochloric 
acid is secreted, and Polacek and Ellison7 
have shown that the parietal-cell popula­
tion is markedly increased. These authors 
used the comparative counting technique 
in which the parietal-cell count of small 
biopsies from the abnormal stomach was 
compared with the count of similar 
biopsies from the normal stomach. Unfor­
tunately, the PCM cannot be measured 
accurately by this method. The precise 
relationship between parietal-cell hyper­
plasia in the Zollinger-Ellison syndrome 
and the secretory rate has never been 
studied. The present study was made pos­
sible when a patient with Zollinger-Ellison 
syndrome underwent total gastrectomy 
following extensive tests of gastric secre­
tion. The PCM was measured in the 
resected stomach by histological counts 
and the results were compared with the 
expected PCM, as estimated from pre­
operative secretory rates.
Material
The following is the brief case history of 
the patient.
W .F., a 44-year-old man, had a two-year
"Supported by Medical Research Council of 
Canada Grant No. MA-1413. 
tChairman, Department of Surgery, University of 
Sherbrooke, Sherbrooke, Que.
Reprint address: Dr. Bernard J. Perey, Depart­
ment of Surgery, Centre Hospitaller Universitaire, 
Sherbrooke, Que.
Fig. 1.—Barium meal showing a coarse mucosal 
pattern in the stomach and duodenum. No ulcer 
crater can be demonstrated.
history of diarrhea and epigastric pain relieved 
by food and milk. A very coarse gastric mucosa 
was seen on barium meal examination but an 
ulcer crater could not be demonstrated (Fig. 
1). He had a hemoglobin of 7.5 g ./10() ml. 
and required several blood transfusions. Hypo- 
albuminemia (2.5 g./lOO ml.) and ankle edema 
were present.
The augmented histamine test was per­
formed according to the method of Kay.8 The 
output of free acid in the fasting state was 
24 m Eq./30 min. The patient was given 3.1 
mg. of histamine phosphate subcutaneously 
(0 .04 mg./kg. body weight). The output of 
free acid after stimulation was 42 m E q ./30  
min. (570 ml. of juice containing 74 m Eq./l. 
of free acid). Basal secretion was 57% of the 
maximal histamine response, indicating the 
presence of a Zollinger-Ellison syndrome.9
On July 10, 1963 a total gastrectomy,
esophagojejunostomy, enucleation of a benign 
islet-cell tumour from the head of pancreas, 
distal pancreatectomy and splenectomy were 
performed. The postoperative course was com­
plicated by a subphrenic abscess which re­
quired operative drainage. The patient re­
turned to work four months after the initial 
operation.
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Fig. 2.—Gastric mucosa of the posterior wall of 
the stomach. The mucosa has been stripped from 
the muscular layer and spread out on a flat sur­
face. Several representative strips of mucosa have 
been cut out for cell counts. Note the nodularity 
of the mucosa.
M ethod
The resected stomach was opened along 
both the greater and lesser curvatures 
dividing it into anterior and posterior 
halves (Fig. 2). The gastric mucosa was 
dissected from the underlying muscle layer 
and tacked on to a plastic film held taut 
in a metal frame and fixed in 10% buffered 
formalin. The boundaries of the acid- 
secreting mucosa were easily identified 
grossly and microscopically. The total acid- 
secreting surface of the specimen was esti­
mated by making a replica of it on plastic 
film of uniform thickness. Having done 
this and knowing the ratio of the weight 
to the surface area of the film it was pos­
sible to calculate the surface area of the 
specimen by weighing the replica.
The population of parietal cells was esti­
mated using the Card and Marks modi­
fication1 of the technique of Cox and 
Barnes.10 In this method, representative 
strips of mucosa are cut from the acid­
bearing area (Fig. 2), sectioned longi­
tudinally and stained with periodic acid 
Schiff, hematoxylin and aurantia. The
number of parietal-cell nuclei per “unit 
volume” of mucosa is counted using an 
ocular grid, the size of such a unit being 
arbitrarily chosen according to the grid. 
The unit volume of mucosa was defined 
here as the volume of mucosa lying deep 
to a rectangular surface area (unit area) 
measuring 308 /a in length and 4.8 /j. in 
width ( the last figure represents the actual 
thickness of the histological section). Such 
counts were made at precise intervals of 
4 mm. along each mucosa strip. Knowing 
the surface area of mucosa corresponding 
to each unit volume, it is possible to 
calculate the number of such units in the 
entire acid-secreting mucosa. The average 
count of parietal-cell nuclei per unit deter­
mined in this manner, required corrections 
for: (a ) shrinkage of the mucosa during 
the preparation of the histological sections. 
This is measured by comparing the original 
length of each mucosal strip with the 
length of the same tissue on the histological 
sections; (b) overestimation of cell popula­
tion due to the inclusion of nuclear frag­
ments in the counts. The crude counts are 
corrected by the Abercrombie formula:11 
P =  A in which A is the crude
count, M is the thickness of the section 
measured by the Marengo method12 and L 
the average diameter of the nuclei.
After correction of the nuclear counts, 
the number of parietal cells in the entire 
stomach was calculated.
Results
The average thickness of the section as 
measured by the Marengo method12 was 
4.8 ji. The average diameter of 50 parietal­
cell nuclei chosen at random was 6  ^ as 
measured with a micrometer. The average 
of crude nuclear counts per unit area (308 /x 
x 4.8 /x) of mucosa was 62 nuclei. The 
shrinkage correction factor was 4%, chang­
ing the nuclear counts to 59.5 nuclei per 
unit ar ea. The correction of crude counts 
by the Abercrombie formula gave a true 
count of 26.44 parietal-cell nuclei per unit 
area of acid-secreting mucosa.
The total surface area of acid-secreting 
mucosa was 1521 sq. cm. and, since the 
unit area measures 1478 /a2, this corresponds 
to 1.029 x 108 unit areas.
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The total parietal-cell population in this 
stomach was thus estimated to be 26.44 x 
1.029 x 10R or 2.7 x 10" parietal cells.
D iscussion
The preoperative gastric analysis on this 
patient suggested the diagnosis of Zol- 
linger-Ellison syndrome.9’ 13 Basal secretion 
was 57% of maximal histamine response. 
In 1963 Rovelstad9 reported that whenever 
this value is greater than 43% the diagno­
sis of Zollinger-Ellison syndrome should be 
suspected. In a recent publication, Aoyagi 
and Summerskill13 stated that a high basal 
gastric acid strongly suggests this syn­
drome even if the response to maximal 
histamine stimulation does not exceed that 
seen in patients with duodenal ulcers.
Shay6 reviewed the available data and 
concluded that, during maximal histamine 
stimulation, 10° parietal cells secrete 12 
mEq./l. of free acid in 30 minutes. If 
Shay’s data are applied to the gastric 
secretion in our patient with Zollinger- 
Ellison syndrome, the expected PCM would 
be 3.5 x 109.
This expected PCM is slightly higher 
than that obtained by actual count. There 
are several possible ways to explain this 
apparent histometric underestimation of 
the PCM: first, a number of parietal cells 
may not have been counted because of the 
difficulties encountered in staining some of 
the sections; second, on maximal histamine 
stimulation, parietal cells can secrete 
greater amounts of acid in patients with 
the Zollinger-Ellison syndrome than in 
other individuals. It is possible that the 
abnormally large amounts of circulating 
gastrin-like substances present in patients 
with this syndrome potentiate the injected 
histamine and produce the discrepancy 
observed here.14 Finally, one should hesi­
tate to draw firm conclusions from one 
gastric analysis. Because of the occasional 
loss of acid into the duodenum, results of 
repeated tests may vary by 25% in the 
same subject unless a volume indicator is 
used to evaluate this loss. However, in our 
patient, an excess rather than a loss of 
acid could explain the apparent overesti­
mation of the PCM by the gastric-analysis 
method. Such a falsely elevated acid pro­
duction during maximal stimulation has 
not been reported hitherto.
Whether estimated by gastric analysis or 
measured by histometric techniques, the 
PCM in the present patient is about three 
times as large as the normal average of 10° 
cells.6 This is in contrast to the increase 
of six to eight times suggested by other 
investigators using a less refined tech­
nique.7 It is doubtful whether such a large 
PCM is ever seen in this syndrome. Cer­
tainly, enormous fasting secretory rates 
can be reached by a moderately increased 
PCM when it is secreting near its maxi­
mum capacity.
The cause of the parietal-cell hyper­
plasia seen in the Zollinger-Ellison syn­
drome remains to be studied.
Summary
The parietal-cell mass (PCM ) of the 
stomach of a patient proved to have the 
Zollinger-Ellison syndrome was estimated 
by preoperative gastric analysis and by 
direct cell counts in the resected stomach.
The expected PCM, as estimated by 
gastric analysis, was 3.5 x 109 parietal cells. 
The measured PCM, as determined by cell 
counts, was 2.7 x 109.
We have concluded that the PCM of 
this patient was about three times the 
normal average.
The authors express their thanks to Drs. R. H. 
Bourne and R. Goodall of the Queen Elizabeth 
Hospital, Montreal, who kindly provided the pa­
tient for this study. This work was done in the 
surgical research laboratories of the Royal Victoria 
Hospital, Montreal, Que.
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PREMALIGNANT, SOLITARY, 
POLYPOIDAL LESIONS IN THE LARGE 
INTESTINE
Adenomatous polyps within reach of the 
sigmoidoscope are removed as a total excision 
hiopsy. If the pathological examination reveals 
that the lesion is benign or non-invasive carci­
noma, no further treatment is necessary. If in­
vasive carcinoma is present and there is a high 
grade of malignancy histologically, a radical 
operation is performed. When the polyp shows 
average or low-grade malignancy, the decision 
whether to proceed to a radical operation 
depends on whether the polyp has a pedicle 
and to what extent the pedicle has been in­
vaded by the growth.
Patients with asymptomatic polyps under 1 
cm. in diameter located above the reach of the 
sigmoidoscope are followed by periodic barium 
enema examination. If the lesion is over 1 cm. 
in diameter or produces symptoms, laparo­
tomy is indicated. Careful palpation and 
operative colonoscopy of the entire large in­
testine are performed to detect additional 
polyps. For pedunculated single polyps, colo- 
tomy and polypectomy will suffice. For a
tumor. Importance of basal acid output, 
Arch. Intern. Med. (Chicago), 117 : 667, 
1966.
14. S ta vney , L. S. et a l Parietal cell reactivity, 
Surg. Gynec. Obstet., 1 1 8 : 1269, 1964.
R e s u m e
Chez un malade dont il etait notoire qu’il souf- 
frait du syndrome de Zollinger-Ellison, nous 
avons evalue la population de cellules parietales 
de son estomac par une analyse gastrique pre- 
operatoire et par une numeration directe des cel­
lules dans l’estomac reseque.
La population de cellules parietales estimee par 
l’analyse gastrique etait de 3.5 x 109 cellules. 
Cette evaluation a ete basee sur la relation directe 
qu’on sait exister entre le nombre de cellules 
parietales presentes dans l’estomac de l’homme et 
fa vitesse de la secretion acide pendant une pe- 
riode de stimulation maximum.
Cette meme population, estimee par la nume­
ration cytologique (technique de Card et Marks) a 
ete de 2.7 x 109 cellules.
Nous en concluons que le nombre total des 
cellules parietales dans l’estomac de notre malade 
etait pres de trois fois superieur a celui d’un esto­
mac nonnal. Cette constatation indique que 
1’hyperplasie des dites cellules explique partielle- 
ment l’hypersecretion considerable qu’on observe 
dans le syndrome de Zollinger-Ellison.
single sessile polyp or for a cluster of polyps, 
even if pedunculated, a segmental colonic re­
section is performed.
Villous papillomas rarely occur above the 
rectosigmoid, but when they do, they are 
treated exactly as for carcinomas of those seg­
ments. For villous papillomas in the lower rec­
tum, digital palpation can determine if the 
lesion has undergone malignant degeneration. 
If the lesion is entirely soft, it can be locally 
excised by diathermy excision or destruction, 
or by delivery through the anus and local 
removal. The slightest suggestion of induration 
raises suspicion of a focus of cancer and 
necessitates an abdominoperineal resection. 
Villous papillomas of the upper rectum and 
rectosigmoid cannot be entirely palpated and, 
hence, must be treated as if they were already 
malignant. Anterior resection usually suffices. 
Margins of resection need not be as wide as 
for frank carcinomas and, hence, sphincter- 
saving procedures can he performed for villous 
papillomas at a lower level than for carci­
nomas.—Goligher, J. C.: Solitary polypoidal 
lesions which are premalignant in the large 
intestine, Brit. J. Surg., 55: 738, 1968.
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SECOND OPERATIONS FOR THYROID CARCINOMA*
K. W. JAMES, M.D. and O. G. THURSTON, M.D., F.R.C.S.fC], Edmonton, Alta.
W ith o u t  entering the controversy over the 
treatment of thyroid carcinoma,1-5 it may 
be noted that many surgeons believe total 
or “near total” removal of the thyroid 
gland represents the optimal treatment for 
well-differentiated thyroid carcinoma.2,5> 6 
For these surgeons the patient who is 
found to have a thyroid carcinoma after 
recent excision of a thyroid nodule or a 
unilateral thyroid lobectomy presents a 
therapeutic problem: should he be followed 
closely or should a second operation be 
done immediately to remove the remaining 
thyroid? In deciding upon a course of 
action, the surgeon must consider the 
greater difficulty of a second operation 
upon the thyroid, particularly if it must 
be performed on the same side as the 
original operation.7 This report deals with 
the pathological findings and clinical 
course in 26 patients who had a second 
operation for thyroid carcinoma. These 26 
patients represent 26.1% of the total ex­
perience (99 patients) with thyroid car­
cinoma at the University of Alberta Hospi­
tal, Edmonton, from March 1951 to July 
1968.
M a t e r ia l  and  M ethods
Clinical Material
The patients in this series, 23 women 
and 3 men, ranged in age from 20 to 70 
years. Table I shows their age distribution 
by decades.
TABLE I .—Age an d  Se x  D istr ib u tio n
Number of Number of
Age (years) women men
0 - 1 0 .............................................. ................................ 0 0
1 1 -  2 0 .............................................. ................................ 1 0
21 - 30..................... ...............................  5 0
31 - 4 0 .................. ...............................  5 3
11 - 5 0 .................. ...............................  6 0
51 -  6 0 .............................................. ............  4 0
61 - 7 0 .................. 2 0
23 3
“ From the Department of Surgery, University of 
Alberta and University of Alberta Hospital, Ed­
monton, Alta.
TABLE II.— D uration  o f  L u m p  in  th e  Ke c k  
B e f o r e  the F i r s t  O p e r a t io n
Numhtr of
Duration patients
Less than 1 m onth....... ...............................  5
1 - 1 2  months................................................ 5
l - 3 years.....................................................  8
3 - 1 6  years...................................................  8
Symptoms and Signs
All 26 patients presented with a lump 
in the neck before the first operation; the 
duration of this symptom ranged from a 
few weeks to 16 years (Table II). Other 
less frequent symptoms were dysphagia, 
dyspnea, irritability, hoarseness, increased 
sweating and pain (T able III). Before the
TABLE III.—Sy m p t o m s  B e f o r e  
t h e  F irst O p e r a t io n
Symptom Frequency
Lump in neck...............................................  26
Dysphagia................................................... 2
Irritability..................................................... 2
Change in voice...........................................  1
Pain................................................................ I
first operation 19 patients had a solitary 
thyroid nodule on clinical examination. 
Three patients had a multinodular but 
unilateral thyroid enlargement and one had 
a prominent nodule in a multinodular 
goitre. In three patients, the thyroid en­
largement before the first operation was 
not described.
Primary Operation
The first procedure in 12 patients was 
local excision o f a thyroid nodule; in 10 
it was unilateral, subtotal lobectomy and 
in 4 it was unilateral, total lobectomy. 
Nine of these first operations were done 
at the University of Alberta Hospital and 
17 elsewhere. On histological examination 
the thyroid carcinoma in all 26 patients 
was well differentiated, either pure papil­
lary or follicular carcinoma, or a mixture 
of papillary and follicular elements. One 
may speculate that total thyroidectomy was 
not done at the initial operation for one
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of the following reasons: (1) frozen-section 
facilities were not available; (2) the pa­
thologist was unable to arrive at a defini­
tive diagnosis on frozen section; (3) the 
diagnosis of thyroid carcinoma was not 
considered before operation and frozen 
section was not requested.
Physical Findings Following the First
Operation
Following the first operation the remain­
ing thyroid gland was described as “pal­
pably enlarged” in 17 patients and “not 
palpable” in 9. In four patients, clinically 
positive or suspicious lymph nodes were 
palpable in the lateral neck. In these four, 
the node enlargement was on the side of 
the original lobectomy or local excision.
Second Thyroid Procedure
In 9 patients the second operation was 
a total thyroidectomy and in 17 a near 
total thyroidectomy (a small posterior rim 
of thyroid tissue and capsule is preserved 
on the second side in an attempt to pre­
vent permanent hypoparathyroidism). All 
second procedures were done at the Uni­
versity of Alberta Hospital. In 1 of the 17 
patients who had a near total thyroid­
ectomy, all the thyroid tissue was finally 
removed in two subsequent operations. In 
these 26 patients the interval between the 
first and second operations ranged from 1 
to 52 weeks (Table IV).
T A B L E  IV.— I n t e r v a l  B e t w e e n  t h e  F ir s t  and 
S e c o n d  Op e r a t io n s
Number of
Interval (weeks) patients
1  ........................................................ 4
2  ....................................................... 2
3  ..................................................................... 4
4  ..................................................................... 5
5  ..................................................................... 3
6  ..................................................................... 3
7 - 5 2 ............................................................... 5
T o tal.........................................................  26
Lateral Cervical Nodes
A modified or complete, unilateral, radi­
cal neck dissection was done during the 
second operation in 10 patients. Four of
these 10 had clinically positive nodes. The 
remaining six had a “prophylactic” neck 
dissection.
R e s u l t s  a n d  D isc u ssio n
Pathological Findings at the Second
Operation
At the second operation 10 patients had 
residual carcinoma in the remaining thyroid 
gland. In addition, 3 of these 10 had 
metastatic carcinoma in lymph nodes re­
lated to the thyroid capsule or in the 
pre-tracheal nodes. Three patients had 
metastatic disease in nodes related to the 
thyroid gland or in the pre-tracheal group, 
but no carcinoma in the residual thyroid.
( These three patients are not those referred 
to under lateral cervical nodes. In the three 
patients with metastasis in nodes related 
to the thyroid gland, and in pre-tracheal 
nodes, these nodes would have been dis­
covered and removed only during another 
operation and not during neck dissection.) 
Thus, 13 of the 26 patients (50%) who 
had a second thyroid operation had resid­
ual carcinoma in either the thyroid gland 
or in nodes closely associated with the 
gland.
The initial operation, whether local 
excision of a nodule, unilateral, subtotal 
lobectomy or unilateral, total lobectomy, 
did not affect the findings regarding 
residual tumour at the second operation. 
Of the 12 patients undergoing local excision 
of a nodule, the residual gland contained 
carcinoma in 5 and residual carcinoma in 
capsular and pre-tracheal nodes in 4. 
Among 10 patients undergoing subtotal 
lobectomy, 3 had residual glands that con­
tained carcinoma, and 3 had capsular and 
pre-tracheal nodes that were positive for 
carcinoma. Of four patients undergoing 
unilateral, total lobectomy, two had posi­
tive residual glands and two had involved 
capsular nodes. These results are summar­
ized in Table V. Thus, it appears that the 
incidence of residual carcinoma in the 
thyroid and in capsular nodes is much the 
same whether the initial operation is local 
excision, unilateral, subtotal lobectomy or 
unilateral, total lobectomy. The 50% inci­
dence of residual carcinoma at the second 
operation in the remaining thyroid gland
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TA BLE V.—S it e  of R esid u a l  C arcinoma  Af t e r  
th e  F ir s t  Op er a t io n
Number with residual 











of nodule............. 12 5 4
Unilateral, subtotal 
lobectomy........... 10 3 3
Unilateral, total 
lobectomy........... 4 2 2
and surrounding lymph nodes in the pa­
tients in this series is less than that reported 
by some authors, particularly Russell et al.H 
It must be borne in mind, however, that the 
surgical specimens in our patients were 
examined in the “pathology routine” at 
University of Alberta Hospital and were 
not subjected to a special study such as 
whole-organ sectioning where a higher 
percentage of residual glands containing 
carcinoma might be found.
Clinical Versus Pathological Findings
Seventeen patients were said to have 
palpable thyroid enlargement before the 
second thyroid procedure. Of these 17 pa­
tients, only 6 had residual carcinoma in 
the gland. Of the nine patients in whom 
the thyroid was not palpable before the 
second operation, four had residual car-
Fig. 1.—Iodine-131 scan following limited exci­
sion of a nodule at the upper pole, right lobe of 
the thyroid.
cinoma in the gland. Induration about the 
previous thyroid incision undoubtedly 
makes assessment of the residual thyroid 
difficult. On the other hand, small foci of 
carcinoma may exist in the remaining thy­
roid or in surrounding lymph nodes with­
out producing a palpable mass. These 
findings suggest that, following the first 
thyroid operation, the surgeon should not 
rely on clinical examination of the neck 
to rule out residual carcinoma in the re­
maining gland. Benign thyroid enlarge­
ment is an additional source of error in 
the clinical assessment of remaining thyroid
Fig. 2.—Iodine-131 scan following excision of a 
nodule and a portion of the right thyroid lobe.
tissue. Two patients had a follicular 
adenoma and one had Hashimoto’s thyroid­
itis in the residual thyroid tissue.
In planning a second operation on the 
thyroid, we have found that 131I scan is 
helpful, particularly when the initial pro­
cedure was done elsewhere and where 
detailed operative reports were not avail­
able. Figs. 1 to 3 show the 24-hour 131I 
scans in three patients after a malignant 
thyroid nodule was removed. The scans 
show the extent of the primary operation 
and help the surgeon to plan the second 
procedure.
Lateral Cervical N odes
Four patients had some form of lateral 
neck dissection for clinically palpable
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Fig. 3.—Iodine-131 scan following left, total 
thyroid lobectomy.
nodes. Three had metastatic carcinoma on 
pathological examination. Of six patients 
in whom lateral, cervical nodes were not 
enlarged but who had a prophylactic, 
lateral neck dissection, only one had occult 
metastasis. Thus, in contrast to palpation 
of the thyroid, palpation of the lateral neck 
seems to be relatively reliable in deter­
mining the presence of metastatic disease 
before a second operation.
Postoperative Complications
None of these 26 patients died in hos­
pital. After operation, eight patients devel­
oped hypoparathyroidism which was tran­
sient in six and permanent in two (7.7% ). 
Of the latter, one was the patient in whom 
total thyroidectomy was accomplished only 
after four procedures—she became hypo- 
parathyroid after the fourth operation. The 
other patient also became hypoparathyroid 
after a total thyroidectomy. In one patient 
a recurrent laryngeal nerve was deliber­
ately sacrificed because it was involved by 
tumour. This was the only patient who 
required a postoperative tracheostomy. 
There were no instances of inadvertent, 
permanent, recurrent, laryngeal nerve in­
jury. In one patient the neck was explored 
because of postoperative hemorrhage. Two 
patients developed postoperative cardiac 
arrhythmias and one had troublesome 
respiratory depression.
The incidence of permanent hypopara­
thyroidism in this group of patients under­
going secondary thyroidectomy (7.7% ) 
compares favourably with the incidence 
after primary total or near total thyroidec­
tomy. Rustad, Lindsay and Dailey9 de­
scribed 15 patients with permanent hypo­
parathyroidism among 127 who underwent 
total thyroidectomy, an incidence of 11%. 
Clark, White and Russell10 reported a 
similar incidence (11.4% ) following total 
thyroidectomy. The frequency of other 
complications is also similar to that re­
ported following primary thyroidectomy 
for carcinoma.9 Thus, it appears that, if a 
surgeon believes that total or near total 
thyroidectomy is the best treatment for 
low-grade thyroid carcinoma, an initial, 
incomplete operation should not deter him 
from removing all the thyroid tissue at a 
second operation.
Summary and Conclusions
The pathological findings and clinical 
course in 26 patients who had second 
operations for thyroid carcinoma have been 
described. Each of these patients had 
either local excision of the thyroid nodule 
or unilateral thyroid lobectomy, and each 
had a well-differentiated thyroid carci­
noma. These primary operations were fol­
lowed by a total or near total thyroidec­
tomy. These 26 patients represent 26.1% 
of the authors’ experience with thyroid 
carcinoma since 1951. From an analysis of 
these cases, the following conclusions can 
be drawn about secondary operations for 
thyroid carcinoma.
(1) From the clinical examination of 
the thyroid before a second operation, one 
cannot predict whether the remaining 
thyroid contains residual carcinoma. On 
the other hand, one can with relative 
reliability determine whether metastatic 
disease is present by palpating the lateral 
neck.
(2) The morbidity and mortality rates in 
second thyroid operations are comparable 
to those reported for primary total and 
near total thyroidectomy for carcinoma. 
The two patients in this series who devel­
oped permanent, postoperative hypopara­
thyroidism, did so after total thyroidec­
tomy.
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(3 )  At the time of the second operation, 
residual carcinoma was found in the re­
maining thyroid gland or in lymph nodes 
adjacent to the gland in 13 of 26 patients.
(4 )  If a surgeon believes total or near 
total thyroidectomy is the optimal treat­
ment for low-grade thyroid carcinoma, he 
can still proceed even though the patient 
had a previous incomplete operation.
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The authors recommend complete removal 
of the long and short saphenous veins with 
their dilated tributaries. The operation is per­
formed with the patient supine, under general 
anesthesia, and with the lower extremities 
elevated 15° to 20°. The long and short 
saphenous veins are stripped; the perforating 
veins are ligated and divided and a segment 
is excised from all tributary veins at the 
saphenofemoral junction.
The long and short saphenous veins are
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R e s u m e
Nous exposons ici les constatations patholo- 
giques et l’evolution clinique chez 26 malades qui 
ont subi une deuxieme operation pour cancer 
thyroidien. Chez chacun de ces malades on avait, 
soit excise localement le nodule thyroidien, soit 
pratique une lobectomie unilaterale. Tous avaient 
un cancer thyroidien, bien differentie. Ces pre­
mieres operations ont ete suivies d’une thyrolaec- 
tomie totale ou sub-totale. Ces 26 malades con- 
stituaient 26.1% de l’experience personnelle des 
auteurs dans le domaine du cancer thyroidien 
depuis 1951. De 1’analyse de ces cas, ils ont tire 
les conclusions suivantes: (1 )  D ’apres l’examen 
clinique de la thyroi'de avant une operation seeon- 
daire, le chirurgien est incapable de predire si le 
restant de la thyroide recele encore du tissu 
cancereux. Par contre, il lui est possible de veri­
fier sans grandes chances d’erreur, l’existence de 
metastases par la simple palpation du cou lateral. 
(2) La morbidite et la mortalite des operations 
thyroidiennes secondaires se comparent en tous 
points a celles qui ont ete signalees dans les 
operations primaires totales ou sub-totales, effec- 
tuees pour cancer thyroidien. Quant a 1’hypopara- 
thyroidie post-operatoire permanente constatee 
chez deux malades de ce groupe, elle a eu lieu 
apres thyroidectomie totale. (3) Au moment de la 
seconde operation, on a trouve des residus de 
tissu cancereux dans les restes de la glande ou 
dans les ganglions lymphatiques adjacents dans 13 
cas sur 26. (4) Si le chirurgien estime que le 
traitement ideal d’un cas de cancer thyroidien de 
classe inferieure consiste a pratiquer une thy­
roidectomie totale ou sub-totale, il lui est loisible 
de la pratiquer meme si 1’operation precedente 
etait incomplete.
identified and strippers are inserted in their 
entirety. After the incisions below  the groin 
and ankle have been closed and sterile, foam- 
rubber, elastic bandages have been applied, 
the strippers are withdrawn. The wounds in 
the foot are closed, the ankle and foot are 
padded, and the foam bandages are wrapped 
around the foot. Hemorrhage and hematoma 
are rare with this compression technique. A 
modified intraluminal stripper is used for the 
procedure.—Dubuque, T . J ., Jr ., Denk, A. F . 
and Doyle, C. R.: Varicose veins of the lower 
extremity, A m er. J. Surg., 116: 693, 1968.
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THENAR AND PALMAR-FLAP REPAIR IN FINGER-TIP 
AMPUTATIONS®
C. LAU, M.D.,t G. H. KNUTSON, M.D., F.R.C.S.[C]J and 
W. A. BROWN, M.D., F.R.C.S.[C], F.A.C.S.,8 Toronto, Ont.
F in g er -t ip  injuries with significant loss of 
terminal pulp are common. These injuries 
are repaired using techniques that range 
from digital shortening and amputation 
closure to a variety of free grafts or 
pedicle-graft reconstruction using local or 
distant flaps.15 Generally, if the bulk of 
the distal phalangeal pulp has been lost 
and the bone exposed but the distal joint 
and tendon insertions are intact, regional 
pedicle flaps should be used for repair.2, jl
The hand provides few flaps of significant 
size and hence grafts are largely restricted 
to cross-finger flaps and flaps obtained 
from the palmar or thenar areas. While 
cross-finger flaps0 give excellent coverage 
and are used frequently, sometimes they 
cannot be used because the dorsal skin of 
adjacent digits has been damaged. They 
also leave a visible donor scar which some 
patients, especially young women, dislike. 
Conversely, some authors caution against 
the use of palmar or thenar flaps4 because 
they fear that a tender palmar scar will 
develop or that the movement of the 
injured finger may be restricted following 
immobilization in flexion. In this paper we 
shall evaluate the results obtained with 35 
thenar and palmar flaps performed at the 
Toronto Western Hospital in the period 
from January 1953 to December 1967.
S e l e c t io n  o f  C ases
We used thenar or palmar flaps for 
finger-tip reconstruction only in patients 
who met certain criteria (Table I ) ;  there­
fore, this technique was used infrequently, 
perhaps in 1% to 2% of all patients with
“From the Department of Surgery, Division of 
Plastic Surgery, Toronto Western Hospital, To­
ronto, Ont.
fSenior Resident in Plastic Surgery, Toronto 
Western Hospital, Toronto, Ont. 
tClinical Teacher, Department of Surgery, Uni­
versity of Toronto.
^Assistant Professor, Department of Surgery, Uni­
versity of Toronto.
Reprint address: Dr. G. H. Knutson, 25 Leonard 
Avenue, Toronto 130, Ont.
TABLE I.—Cr it e r ia  fo r  S elec tio n  o f  Patients 
for  F inger-T ip  R ep a ir  U sing T h en ar  or 
P a lm a r  F la ps
These procedures can be used:
1. If the distal nail bed and phalanx have been 
lost but the more proximal distal phalanx and 
extensor and flexor tendon insertions have been 
spared.
2. When the injured finger is sufficiently mobile 
so that, in flexion, the cut end can reach the 
palm with ease.
3. When there are no serious associated injuries to 
adjacent fingers or to the involved digit, such 
as unstable fractures or tendon injuries.
4. If the patient is under 40 years of age.
finger-tip amputations seen in this institu­
tion during the period of the study.
We believe that the criteria outlined in 
Table I should be kept constantly in mind 
in selecting patients for a thenar or palmar- 
flap repair. As the surgeon’s familiarity 
with the procedure increases, he naturally
Fig. 1.—Finger-tip injury. The terminal pulp is 
lost and the bone exposed but the distal inter- 
phalangeal joint is preserved and the tendon in­
sertions are intact.
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Fig. 2.—Repair with a proximally based thenar 
flap. The incision on the thenar eminence and 
area of flap to be elevated are outlined.
broadens his criteria for patient selection: 
for example, at the age of 60 some patients 
may be suitable for the procedure if they 
possess a slender, mobile hand; conversely, 
some patients under 40 years of age have 
a thick, heavy hand and hence are poor 
candidates for a thenar or palmar flap. 
Usually the index and middle finger tips 
can reach the thenar eminence without 
difficulty and it is even more desirable to 
maintain the maximum length of these 
digits than that of the ring and little 
fingers. Consequently this technique is used 
more frequently in the repair of index and 
middle finger-tip injuries.
Evaluation of the patient should include 
a careful assessment of his or her person­
ality. It may be better, for example, to
treat the tense, emotionally labile indi­
vidual by a simpler method such as 
shortening and amputation closure of the 
damaged finger.
If, after examination of the patient, we 
conclude that he or she would gain most 
by a thenar or palmar-flap repair, we 
explain the plan and its advantages simply; 
by this approach, the patient’s co-operation 
and enthusiasm are secured from the be­
ginning of the treatment.
M ethod o f  Repair
The two senior authors (G.H.K. and 
W.A.B.) operated upon all of these patients. 
A single surgical procedure (Figs. 1-5) was 
used throughout using a proximally based 
palmar or thenar flap (Fig. 2). The result­
ing defect on the palm or thenar area was 
closed by mobilizing adjacent local tissue 
as a rotational advancement flap (Fig. 3 ). 
Closure of thenar flaps is aided by the
296 THE CANADIAN JOURNAL OF SURGERY Vol. 12
natural excess of skin present in the thumb 
web space. This excess can be mobilized 
by careful undermining; then a piece of 
skin about 1.5-cm. diameter is advanced 
into the defect. Tin's procedure is simple 
but care must be taken not to damage 
underlying structures.
When the tips of the ring and little 
fingers are being repaired, it may be more 
difficult to close the palmar defect. How­
ever, skin from the adjacent ulnar border 
of the hand can be rotated into place. As 
an alternative, a full-thickness skin graft 
can be taken from the arm although this 
was not necessary in any of the patients 
in our series. When more than one finger 
requires a flap, the palmar defect will 
be closed by free skin grafting. General or 
local anesthesia and a pneumatic tourni­
quet were used depending on circum­
stances and the surgeon’s preference. The 
flap was sutured to the tip defect (Fig. 4).
Fig. 5.—Boxing-glove dressing and plaster slab 
to immobilize the wrist.
The hand and wrist were immobilized in a 
boxing-glove dressing (Fig. 5) reinforced 
with a plaster slab, or in a few instances 
with an Elastoplast dressing that held the 
finger into the palm. The dressing tech­
nique reflected the preference of the sur­
geon; both methods gave satisfactory 
results. The flap was divided at about 2 to 
2V2 weeks as a second-stage procedure. 
The evolution of this repair from injury to 
final healing is shown in Fig. 6.
C lin ic a l  S eries
Thirty-five patients had finger-tip ampu­
tations reconstructed with either a thenar 
or palmar flap. Of the 35 repairs, 26 were 
done as a primary procedure and 9 as a 
secondary procedure. Secondary repairs 
were usually done because the patient had 
tender scarring in the touch-pad area from 
previous split-thickness grafts or because 
the nail bed had poor support. In addition, 
such repairs were occasionally done in pa­
tients who developed troublesome hyper-
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Fig. 6.—(a and b) Posteroanterior and lateral radiographs of a finger-tip injury showing ampu­tation of the distal phalanx, (c and d) Injury with loss of terminal pulp. The proximally based thenar flap is outlined, (e) The thenar flap attached to the injured finger tip. (f) Palmar scar three months after operation, (g) The repaired digit in full extension, (h) Appearance of the repaired finger tip showing good nail support.
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keratosis between the nail bed and the skin 
graft.
The patients were from 13 to 66 years 
of age; the average was 33.5 years. There 
were 27 men and 8 women. In men, one- 
half of the amputations were in patients 
between 21 and 40 years of age; in women, 
the majority (75% ) occurred before 20 
years of age.
TABLE I I .—M ode o f  I n ju r y  and D ist r ib u t io n
Number o f patients
Non-
Mode of injury Industrial industrial
Slicing and cutting machine. 4 —
Machinery................................ 3 —
Punch press............................. 3 —
Steel bars.................................. 4 —
Oil drums................................. 3 —
Power saw................................ 3 1





In 28 (25 men and 3 women) the ampu­
tations were due to industrial accidents. 
The specific causes of injury were varied, 
the basic mechanism was a “guillotine” 
amputation. In the industrial injuries, the 
finger tips were often cut off cleanly with 
a powered cutting device. On occasion, the 
distal phalanx was amputated by a blunt 
force as in a punch press or when caught 
between steel bars or oil drums (Table 
I I ). The non-industrial accidents were due 
to both sharp and blunt trauma such as 
knife cuts or crushing in a door.
Both hands were involved with approxi­
mately equal frequency. Most of these re­
pairs (28 out of 35) were done for ampu­
tations of either the index or middle finger 
(Table III) .
We repaired only one thumb using a 
palmar flap. This procedure seems to be 
better suited to the other digits partly 
because the larger volar surface of the
TA BLE I I I .—D ig it  and H and D is t r ib u t io n ^
Number of patients 
Right hand Left hand
Thumb......................................  — 1
Index..............................................  8 4
Middle............................................ 7 9
Ring...........................................  1 3
Little.......................................... -  2
thumb often requires a larger flap. Also 
in most people it is difficult to immobilize 
the thumb down on the palm. In addition 
a regional flap can be brought more easily 
from the dorsum of the index or middle 
finger. However, since this present review 
was completed, we have obtained a satis­
factory result in a 65-year-old negress by 
using a palmar flap to resurface part of 
the volar aspect of the thumb. The palmar 
flap was chosen in her case because she 
did not want a visible scar on the dorsum 
of her adjacent finger.
Of these 35 patients, 27 had injured only 
one digit. In the remaining eight who had 
injured more than one digit, the following 
repairs were carried out on the other 
digits: suture of a laceration, two; fixation 
of a compound fracture, four; cross-finger 
flap, five; shortening and amputation, three. 
Thus a total of 49 digits were repaired 
(Table IV).
TA BLE IV.—Asso cia ted  I n ju r y  to Ot h e r  D ig it s
35 patients:
27 one-digit injury.............................  27 digits
8 multiple-digit injury....................  22 digits
49 digits
Number of
Type o f repair repairs
Thenar or palmar flap...............................  35
Other.............................................................. 14
Suture of lacerations..................  2
Compound-fracture fixation. . . .  4
Cross-finger flap............................ 5
Shortening and amputation. . . .  3
Five local and 30 general anesthetics 
were administered for first-stage proce­
dures and 3 local and 32 general for 
second-stage repairs.
About one-third of the patients were not 
hospitalized: they went home on the same 
day whether after first or second-stage 
procedures. For those hospitalized, the 
average stay after primary repair was 3.2 
days and after secondary repair 2.4 days. 
The interval between stages ranged from 
12 to 23 days with an average of 17.9 days.
Results
We attempted to review each patient 
personally and examine the involved hand 
but, because of the long period over which 
these patients were collected, we could
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only bring in 10 patients for examination. 
A questionnaire was sent to those patients 
who could not return for evaluation but 
only eight patients returned the question­
naire. Because repeated attempts to contact 
the remaining 17 patients were not success­
ful, we had to assess the results obtained 
in these patients from the records of the 
Workmen’s Compensation Board (Ontario).
In the evaluation of these patients, we 
concentrated on the two points at which 
thenar and palmar-flap repair are com­
monly criticized, namely, a tender palmar 
scar and permanent loss of full range of 
motion of the involved digit.
None of the 10 patients who returned 
for examination had a tender palmar scar. 
Only 3 of the remaining 25 complained 
of slight tenderness at the donor site 
(Table V).
T A B L E  V .— F o l l o w - U p  o f T h e n a r  a n d  P a l m a r  F l a p s
Q u e s t io n -  
E x a m in e d . n a ir e
W o r k m e n  s  
C o m p e n s a t io n  
B o a rd  
r e c o r d s T o ta l
N u m b e r  o f
p a t i e n t s ................. 10 8 17 3 5
P a lm a r -s c a r  t e n d e r n e s s :
N o n e .......................  10 6 16 3 2
S l i g h t ......................  — 2 1 3
M o v e m e n t  o f  d i g i t  a n d
p r o x im a l  in t e r p h a la n -
g e a l j o i n t :
I* u ll  e x t e n s io n .  . 8 8 16 3 2
1 5 °  l o s s ..................  1 — 1 2
1 5 ° - 3 0 °  l o s s . . .  1 — — 1
When we examined movement of the 
affected finger, none of the 10 complained 
of impaired flexion. All these patients 
could flex the involved finger powerfully 
and touch the distal palm. On measuring 
the extension of the digit, two patients had 
limitation of extension but this did not 
affect function (Table V). One of the re­
maining 25 patients had lost 15° of exten­
sion. Our experience with these patients 
leads us to believe that few of them had 
any significant loss of extension of the 
proximal interphalangeal joint.
Other factors we considered were the 
sensory reinnervation of the flap, the con­
tour of the finger tip,, the support of the 
nail and the degree of function of the 
finger. W e evaluated the sensation of the 
flap by testing the patient’s subjective 
interpretation, by his response to the iodine 
starch test, and his fine touch and two-
T A B L E  V I .— Se n sa t io n  in  t h e  P e d ic l e  F l a p : 







3 - 5 mm............................................ 1
6 - 8 mm............................................  3




point discrimination. We also recorded the 
appearance of the grafted pedicle skin on 
the finger tip (Tables VI and VII).
TABLE VII.—S u b je c tiv e  E v a l u a t io n  o f  










Normal 5 7 —




marked 3 — —
slight 5 2 1
N ormal 2 6 —
Unknown — 16
The patient’s disability reflected in his 
time off work is deceptive. It indicates 
more his type of employment and his atti­
tude and that of his employer than the 
merits of the procedure. In addition, time 
off work is obviously longer in jobs where 
heavy work is unavoidable (Table VIII).








Primary repair. . . . 20 25 - 94 52.5
Secondary repair.. 8 72 - 200* 125.0
34 - 94f 56.4
*From time of injury. 
fFrom first stage of flap.
D iscussion
When the distal interphalangeal joint 
and the tendon insertions on the distal 
phalanx are lost, the grip is weakened—an 
outcome which is important to a working
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man. In addition, many people find the 
shortened finger and a missing nail objec­
tionable on esthetic grounds. For these 
reasons, repair of a digit by amputation- 
closure should be avoided whenever pos­
sible, particularly when the distal tendons 
and interphalangeal joint are sacrificed; 
indeed, such repair is definitely contra­
indicated in some instances. Conversely, a 
rigid insistence on maintaining maximum 
length of injured fingers by various recon­
structive procedures is also ill advised. We 
believe the surgeon should make himself 
aware of the various approaches to repair 
so that when he treats these injuries he 
can select the best procedure for each pa­
tient.
To our knowledge, when the patients 
have been selected carefully as described 
earlier in this text, no series has been pub­
lished in which thenar or palmar flaps 
were found to be unsuitable for finger­
tip repair. In brief references, various 
authors4 warn the reader about the pos­
sible complications of this procedure but 
give no data to back these warnings. 
Conversely, several authors2’ 3 have re­
ported good results using thenar and/or 
palmar flaps. While it is possible that the 
patient may develop a tender palmar scar 
and/or restricted movement of the in­
volved finger, this did not occur in our 
series.
Unfortunately we were only able to 
examine 10 of these 35 patients; 8 more 
responded to a detailed questionnaire 
which we sent. Of the 35, the end results 
in 17 were evaluated using the records of 
the Workmen’s Compensation Board (On­
tario) and the surgeons concerned. While 
personal observation is better than indirect 
evidence obtained from a history or ques­
tionnaire, these 17 patients probably had 
few complications and complaints because 
they did not contact the surgeon or the 
Board. We believe our relatively incom­
plete follow-up was due largely to a mobile 
population and the long period (1953 to 
1967) required to gather this series.
It seems logical to use palmar skin to 
reconstruct the injured finger tip. The skin 
of the two areas has a similar histology 
and gives a match for texture and colour 
that cannot be improved upon. The proxim­
ity of the palm also makes it a desirable 
donor site.
In this series no patients had significant 
restriction of motion of the injured finger 
or persistent tenderness of the palmar scar. 
Diminished critical sensation and cold 
sensitivity were common. However, in al­
most all instances, the individuals were 
using the digits actively and the flap skin 
had a healthy appearance. The contour of 
the finger tip and the nail support were 
almost always satisfactory. Postoperative 
infection or flap loss did not occur in any 
of these patients.
The most difficult factor to evaluate was 
the reinnervation of the flap partly because 
it is small and also because we have no 
accurate objective test. The ninhydrin and 
iodine starch tests, although objective, tell 
us less than the appearance of a healthy, 
obviously used flap on the finger tip. Of 
the tests we used, two-point discrimina­
tion was the most consistent and accurate.
Thenar and palmar-flap repairs can be 
done under local anesthesia as an out­
patient procedure. The period between the 
first and second stages of the procedure 
can be reduced to 12 to 14 days without 
endangering the flap.
Finally we would emphasize the impor­
tance of the criteria outlined under selec­
tion of patients. If these principles are 
neglected, the results may be poor. We 
believe that, in the series reported here, 
we avoided significant complications be­
cause we selected our patients carefully.
Su m m a ry  and C onclusions
In 35 patients we repaired finger-tip 
injuries with thenar and palmar flaps.
In carefully selected cases, these pro­
cedures offer readily available flap cover­
age of the amputated terminal pulp. The 
risk of complication is minimal.
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Resume
Au Toronto Western Hospital, au cours des 15 
dernieres annees, nous avons precede chez 35 
patients a des autogreffes cutanees (greffons pedi- 
cules provenant de la paume ou de l’eminence 
thenar) pour reparer des amputations du bout du 
doigt. Pour pratiquer cette operation, nous choisis- 
sons de preference des sujets de moins de 4 0  ans 
dont l’occupation exige l’usage du bout des doigts, 
dont les doigts sont souples et qui n’ont ni lesion 
ni difformite anterieures des structures palmaires 
du doigt en question. Un tiers de ces patients ont 
ete traites en clinique externe et ont reyu leur 
conge le jour meme de l’intervention (dans ses
deux phases). Dix de ces 35  patients ont ete 
reexamines apres un intervalle variant de 1 an a 
15 ans. Aucun de ces malades n’eprouvait de 
sensibilite au niveau de la cicatrice palmaire. 
Tous, sauf deux, pouvaient mettre les doigts en 
extension complete; chez ces deux malades, la 
limitation etait inferieure a 30°. Chez tous, la 
sensation d’attouchement leger et la discrimina­
tion tactile etaient diminuees au niveau de la 
greffe. Huit sur 10 se plaignaient d’une hyper- 
sensibilite au froid. Huit malades qui n’avaient 
pu etre suivis ont repondu a un questionnaire. 
Parmi ces malades, deux avaient une legere sensi­
bilite de la cicatrice palmaire, tous pouvaient 
etendre leurs doigts completement et deux seule- 
ment se plaignaient d’une hypersensibilite au 
froid. Cette operation presente des avantages: la 
duree de I’hospitalisation est reduite, l’apparence 
est meilleure du point de vue esthetique et la 
longueur du doigt est maintenue. Parmi les in­
convenient* citons l’hypoesthesie, l’hvpersensibilite 
au froid et une agnosie tactile du bout de doigt 
greffe. Les auteurs conseillent de pratiquer cette 
operation chez des malades choisis d’apres ler 
criteres susmentionnes.
GIANT C ELL ADENOCARCINOMA 
OF THE LUNG
The authors studied 21 patients with giant 
cell adenocarcinoma. These patients ranged in 
aged from 36 to 75 years and averaged 54 
years. In 19 survival from onset of symptoms 
to death ranged from 1 to 11 years and 
averaged 5 months. Tumours varied from 0.5 
to 29 cm. in diameter, 10 were less than 5 cm. 
in diameter.
The most frequent initial symptoms were 
cough, loss of weight, and hemoptysis, but 
five patients had initial symptoms related to 
metastases to subcutaneous tissues, the central 
nervous system, the brachial plexus, or the 
gastrointestinal tract. Two patients had 
markedly elevated leukocyte counts, thought 
to be leukemoid rather than leukemic in 
nature. Serum calcium was elevated in four, 
borderline high in two, normal in five, and 
decreased in one. Antemortem diagnoses of 
pulmonary carcinoma were based upon chest 
roentgenograms alone in six patients, upon 
chest roentgenograms plus positive sputum 
cytologic tests in five, and upon chest roent­
genograms plus tissue biopsies in nine. Diag­
nosis of carcinoma of the lung was not made 
before death in one patient with long-standing 
pulmonary tuberculosis who died of a myo­
cardial infarct.
Two of the four patients who underwent 
thoracotomy had inoperable tumours. One 
patient with a resectable tumour who died in 
the immediate postoperative period had metas­
tases to an adrenal gland and the other 
patient with a resectable pulmonary tumour 
died five months later of extensive metastases, 
although no metastases were noted during 
operation. Six of the remaining patients were 
treated with irradiation, four received nitro­
gen mustard and irradiation, and seven had 
symptomatic treatment.
Giant cell adenocarcinomas of the lung be­
have with an aggressiveness comparable to 
or exceeding that of small cell carcinomas 
of the lung. The peak incidence and average 
age of these 21 patients was lower than those 
of other reported series. The male to female 
ratio was 5.6:1, but elimination of the series 
from the veterans hospital, where the popula­
tion is predominantly male, reduces this ratio 
to 3.5:1. Determining that they produce 
mucin rather than keratin resolved an early 
controversy as to whether these histologically 
bizarre pleomorphic tumours were adenoma­
tous, squamous, or sarcomatous in origin. Still 
unresolved is the question of whether they 
originate from or invade the bronchus.—Hatha­
way, B. M., Copeland, K. and Gurley, J.: Giant 
cell adenocarcinoma of the lung, Arch. Surg. 
(Chicago), 98: 24, 1969.
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EXTERNAL ARTERIOVENOUS SHUNTS FOR HEMODIALYSIS: 
A TECHNIQUE OF INSERTION AND THE IMPORTANCE 
OF INCREASED VENOUS RESISTANCE0
W . G. W ILLIAM S, M.D. and G. A. D EVEBER, M.D., F.R .C .P.JC], Toronto, Ont.
T h e  external arteriovenous shunt described 
by Quinton et a l.1 has been indispensable in 
the development of long-term, intermittent 
hemodialysis for chronic renal failure. The 
present review is based upon our experi­
ence with 115 cannulations in 33 patients 
treated by long-term intermittent hemo­
dialysis over a 2/2-year period. All patients 
underwent six-hour coil dialysis twice each 
week We wish to describe a simplified 
technique of cannulation using the Fogarty 
catheter and discuss the results of cannula- 
tion with particular emphasis on increased 
venous resistance as a cause of cannula 
failure.
In this paper the term “shunt” refers to 
the system of tubes that conduct blood 
from a systemic artery to a vein. The 
shunt consists of three parts—an arterial 
cannula, a connecting tube and the venous 
cannula. “Shunt failure” refers to a mal­
function at any point in the system which 
forces removal or replacement of the sys­
tem. Cannula failure refers specifically to 
malfunction of this component of the 
shunt.
Operative Technique
Our present technique has evolved from 
experience; in it we stress simplicity and 
meticulous surgical care. We seek the co­
operation and interest of the patient early, 
beginning with a brief explanation of the 
mechanics of the shunt. When the pro­
cedure is done on an elective basis, the 
patient is encouraged to visit the dialysis 
unit and talk with other patients already 
on this program. Before the operative pro­
cedure, the patient’s nutritional state and 
biochemistry are improved as much as pos­
sible.
We prefer regional anesthesia for can­
nula insertion although both local and 
general anesthetics have been used when 
indicated. The importance of meticulous
aseptic technique cannot be emphasized 
too strongly because wound infection 
almost invariably leads to cannula failure.
For eannulation we use the posterior 
tibial artery and long saphenous vein four 
inches above the ankle joint. As an alter­
native, the radial artery and cephalic vein 
were used in eight patients with satisfac­
tory results.
A single, longitudinal incision gives ex­
cellent exposure. Bleeding is controlled by 
electrocautery or, in larger vessels, a fine, 
non-absorbable synthetic ligature. The 
vessels to be cannulated are exposed only 
enough to gain proximal and distal con­
trol. The cannulas are held in place by 
two 00 Mersilene ligatures;0 one is tied 
over the vessel to secure it to the cannula 
tip and a second, which has ligated the 
vessel distally, is re-tied over the cannula 
as it leaves the vessel. These two ligatures 
are held in place by a lighter Mersilene 
tie to prevent them from separating. The 
points where the cannulas pierce the skin 
are chosen carefully to prevent kinking of 
both vessel and cannula. In severely 
cachectic patients, the loops of the arterial 
and venous cannulas are buried below the 
deep fascia to prevent pressure necrosis 
of the overlying skin. The wound is closed 
in layers without tension and a small drain 
is left beneath the skin for 24 to 48 hours. 
A firm pressure dressing is applied.
After operation the patients are not 
allowed to bear weight for one week and 
the extremity is kept elevated. Shunt 
function is checked initially every two 
hours by palpation and auscultation of the 
venous bruit. External fixation of the 
shunts has varied somewhat although, 
generally, metal stabilizers are used for 
the Quinton-Scribner cannulas, and non- 
allergenic adhesive tape for the all-Silastic 
shunts.
Dialysis within 48 hours of eannulation 
carries an increased risk of traumatic and
“From the Departments of Medicine and Surgery, 
Toronto Western Hospital, Toronto, Ont. Ethicon Sutures Ltd., Peterborough, Ont.
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Fig. 1.—The inflated balloon of the Fogarty catheter distends the transverse arteriotomy. The 
cannula tip (seen to the left) is ready to be advanced over the Fogarty catheter. The surgeon con­
trols the balloon pressure and invaginates the cannula into the balloon thereby entering the vessel with­
out touching the intima.
heparin-induced bleeding into the cannula 
site. However, if absolutely necessary, the 
shunt can be used within a few hours. 
Since wound healing is poor in these pa­
tients, the skin sutures are not removed 
for two to three weeks.
Cannula Insertion
The use of the Fogarty catheter greatly 
facilitates insertion of the cannula into the 
vessels. A No. 4 Fogarty catheter is lubri­
cated and threaded through the dialysis 
cannula that has been selected for inser­
tion. The catheter is then placed in the 
lumen of the exposed vessel. If necessary 
the balloon can be gently inflated at suc­
cessive points to overcome vascular spasm.
The catheter is then withdrawn until 
the proximal portion of the balloon re­
appears at the arteriotomy or venotomy 
(Fig. 1). The balloon is gently inflated to 
stop bleeding from the vessel and to dilate 
the arteriotomy. The cannula is then ad­
vanced over the catheter and invaginated 
into the balloon and thereby enters the 
vessel without touching its intima. The
surgeon has complete control of the can- 
nulation by adjusting the balloon pressure 
while advancing the cannula into the 
vessel. Familiarity with this technique 
makes the operation much easier and 
reduces intimal trauma to a minimum.
Results
Arterial Cannulas
Fifty-four arterial cannulas were inserted 
in the 33 patients and dialysis was main­
tained for a total of 273 patient-months.
Thirty-four of these cannulations success­
fully maintained the patients on dialysis 
for the required time (Table I). O f the 
patients in this group, 16 have had kidney 
transplants, 12 are currently being dialyzed 
and 6 have died. Ten functioning arterial
TABLE I.— Su c c e ssfu l  C a n n u l a s
Number of 
cannulas
Removed after renal transplant..............  32
Current shunts............................................  24
Patient died during dialysis period........  12
68
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cannulas were removed when a failed ven­
ous cannula forced us to move to a new 
shunt site. Thus, in only 10 of the 54 can- 
nulations was the failure due to the arterial 
cannula per se (Table II). In five instances










the failure was corrected by recannulating 
the artery while in the other five the 
entire shunt site failed.
The 10 arterial cannula failures are ana­
lyzed in Table II. Hemorrhage from the 
cannula site was the most frequent cause 
of failure. The formation of an aneurysm 
caused the bleeding in all four failures and 
in one, bleeding was complicated by infec­
tion. All of these aneurysms developed 
three to four months after cannulation and 
were probably related to the use of rein­
forcing cuffs which secured the vessel to 
the cannula tip. We have now dispensed 
with these cuffs and rely on a single 
ligature over the cannula tip as described 
above and by Lansing.2 With this tech­
nique, no aneurysms have formed during 
the past 18 months.
Clotting in the arterial cannula led to 
shunt failure in 3 of the 54 cannulations. 
In two of these cannulations, poor surgical 
technique resulted in clotting within three 
days of insertion and, despite operative 
attempts at revision, the shunts failed at 9 
and 30 days. In the third patient, a small 
thrombus, which formed in the artery after 
four months of uncomplicated dialysis, was 
removed at operation. This patient had no 
further problems for the next seven months 
at which time the cannula was removed 
following a successful kidney transplant.
Wound infection caused two failures, 
both two months after the shunt was 
created. In the first patient, the infection 
was confined to the arterial site but we 
abandoned an attempt to save the venous 
cannula by prolonged infusion when heal­
ing was delayed. The tenth arterial cannula 
failure occurred when the patient became 
confused while at home and pulled out his 
shunt.
Venous Cannulas
In this series, 61 venous cannulas were 
inserted in 33 patients. Thirty-four of these 
cannulas maintained the patients success­
fully on dialysis for the required period of 
time (Table I). In addition, five function­
ing venous cannulas were removed: the 
entire shunt was moved to a new site when 
the arterial cannula failed.
In this series of 61 cannulations, 22 
failures occurred as a direct fault of the 
venous cannula (Table III). Although the










mechanism of venous cannula failures in 
this series is similar to that reported in the 
current literature,3'8 we have the strong 
impression that the presumed modes of 
failure, such as thrombosis, hemorrhage 
and infection, may only be signs of the 
true cause—increased venous resistance. 
When we analyzed the 22 venous cannula 
failures in this series, we found that only 
3 occurred in the absence of an increased 
venous resistance. In one of these patients 
the shunt failed 48 hours after it was in­
serted and in the second patient the 
venous cannula failed at two months be­
cause of wound infection and hemorrhage. 
The third failure in the absence of in­
creased venous resistance was in the pa­
tient who became confused and pulled out 
his cannulas.
Venous Resistance and Cannula
F ailure
Increased venous resistance was first 
drawn to our attention by the dialysis-unit 
nurses. The resistance manifests itself as a
lulu 1969 ORIGINAL ARTICLE 305
TABLE IV .— R e l a t io n sh ip  B e t w e e n  V e n o u s  









slowly progressive increase in pressure in 
the tubing that returns blood from the 
dialysis coil to the patient.
Increased venous resistance may be in­
trinsic—that due to obstructive changes in 
the vein wall or extrinsic—due to external 
compression of the vein usually by an 
abscess or hematoma or to venous spasm. 
In this series of 22 cannula failures there 
was no evidence of increased venous re­
sistance in 3. Venous resistance was attri­
buted to extrinsic causes in five (infection 
in three and hematoma in two). In the re­
maining 14 cannulas, the increased resist­
ance was associated with obstructive 
changes within the vein walls (Table IV ).
Clinically, intrinsic venous resistance 
manifests itself as an insidious increase in
venous outflow pressure four to eight 
weeks after the Shunt is created and results 
in a decrease in the rate of flow through 
the dialyser. Arbitrarily, we have defined a 
significant increase in venous resistance as 
that greater than 0.5 peripheral resistance 
units ( peripheral resistance units |PRU] =  
pressure difference in mm. Hg divided by 
flow in c.c./m in.). Venous pressure is mea­
sured directly during dialysis by a mano­
meter attached to the tubing returning 
blood to the patient. The measurement 
must be taken without a constricting clamp 
between the manometer and venous can­
nula. The patient’s central venous pressure, 
as estimated clinically, is subtracted from 
the manometer pressure to obtain the pres­
sure difference across the cannula site. The 
volume of flow is calculated by measuring 
the rate of flow of an injected air bubble 
through a segment of dialysis tubing of 
known volume.
Significantly increased venous resistance, 
as defined above, developed in 38 of the 
61 venous cannulas in this series. Fourteen 
of these 38 cannulas failed within one 
month of reaching the minimum level—0.5 
PRU. Another 14 cannulas were removed
Fig. 2.—The typical lesion that produces intrinsic venous resistance is a segmental stenosis 
2 cm. in length. In this venogram the cannula tip lies to the left; the normal diameter of the lumen 
is preserved proximal and distal to the obstruction. The outline of the vein is superimposed on the 
tibia.
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Fig. 3a
Fig. 3.—(a) The transverse section of the vein wall shows moderate intimal thickening.
within one month of developing significant 
venous resistance when successful renal 
transplantation was carried out. Only 10 of the 38 cannulas in which increased ven­
ous resistance developed, lasted longer than 
1 month, although 4 lasted from 4 to 10 
months.
C hanges Associated W ith Intrinsic
Venous Resistance
The gross changes that take place in the 
vein wall as increased resistance develops are best visualized on a venogram (Fig. 2). The venous stenosis, which is discrete, be­
gins 1 to 3 cm. from the cannula tip and is usually 1 to 2 cm. in length. The lumen proximal and distal to the narrowed seg­ment is usually adequate. Histologically, the tunica intima is markedly thickened. The internal elastic membrane, the media and adventitia are well preserved. The endothelial cells are less flattened than
usual, small areas may be denuded and 
covered with a fibrin deposit. The rest of 
the intima consists of polyhydral cells on a 
loose, fibrous matrix with little elastin. In 
some areas recannulization occurs within 
the intima. Fig. 3 shows two representative 
biopsy specimens. The first specimen (Fig. 
3a) is a transverse section from a vein after 
a cannula was removed. The cannula had 
functioned for 13 months during 96 dialyses 
without significant venous resistance (0.18 PRU). In contrast, in the vein from 
which the second specimen (Fig. 3b) was taken, marked venous resistance had de­veloped by five months (0.6 PRU)—note its 
pinpoint lumen. Histologically there is little difference between these two vein walls. The amount of intimal thickening determines the degree of venous stenosis. 
We were unable to demonstrate any his­
tologic qualitative differences in the intima 
of these two veins.
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Fig. 3b
Fig. 3.—(b) Section through the stenotic lesion from a vein with increased venous resistance 
demonstrates marked intimal thickening which has almost occluded the lumen.
D iscu ssio n
Although the external arteriovenous 
shunt is a practical method of maintaining 
patients on long-term, intermittent hemo­
dialysis, these shunts are associated with a 
significant morbidity. The internal fis­
tula9’ 10 was developed as an alternative, 
but experimental and clinical experi­
ence1113 suggests that the fistula is not 
without complications.
In this series of 115 cannulations, re­
operation was necessary in 32 because of 
complications. Eighteen of these complica­
tions were due largely to poor technique. 
While not entirely avoidable, such failures 
are becoming less common with increasing 
experience. The remaining 14 cannulas 
failed because intimal thickening had nar­
rowed a short segment of the vein lumen. 
Clinically this progressive intimal thicken­
ing is recognized by increased venous re­
sistance.
The pathogenesis of this intimal thicken­
ing is unknown. Whether it is due to organ­
ization of repeated fibrin thrombi14 or to 
non-specific intimal reaction has not been 
determined from our observations. Veins 
used as arterial replacement in bypass 
grafts undergo histologic changes similar to 
those seen in the localized stenosis of 
hemodialysis cannulas. This observation 
suggests that pressure and oxygen satura­
tion at arterial levels, may be responsible 
for the changes. However, the pressure 
within the vein distal to the venous cannula 
tip is not elevated and, in a series of dogs, 
was found to have a mean value of 4.3 
mm. Hg. High oxygen saturation, as noted 
by McCabe et al.,11 alters the metabolism 
in the vein wall. This might explain the
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diffuse changes seen in the bypass graft 
but would not account for the sharply 
limited area of stenosis in the hemodialysis 
shunt. Thickening due to endothelial trauma 
by the cannula tip14 seems unlikely be­
cause, in our experience, the stenosis de­
velops distal to the tip of the cannula.
Increased velocity of blood flow in the 
vein is at least partially responsible for the 
diffuse intimal thickening. The site of sten­
osis may be determined by “vortex shed­
ding” from turbulence; in this respect, 
Fry15 demonstrated that the endothelium 
degenerates after it is exposed to turbu­
lence. We have no data on the turbulence 
that develops in the arteriovenous shunts 
presently in use.
In a series of dogs the volume of flow 
through these shunts averaged 298 ±  22 
c.c./min. The Quinton-Scribner and all- 
Silastic shunts did not differ significantly 
in the volume of flow at equal pressures. 
We saw no difference in the clinical per­
formance of these two types of shunts 
although only 24 all-Silastic cannulas were 
inserted compared to 91 Quinton-Scribner 
cannulas. The results from such small num­
bers of cannulas do not permit meaningful 
analysis.
W e had thought it was important to use 
the largest possible cannula and, in this 
series, No. 13 and No. 14 cannulas were 
used almost exclusively. However, two of 
the cannulas that survived the longest, now 
9 and 15 months, were smaller (Nos. 15 
and 16). There was no significant differ­
ence in the volume of flow in the dog when 
we compared the No. 14 to the No. 16 
cannula. The smaller cannula, however, did 
show more damping of pulsatile flow sug­
gesting that less stress was exerted on the 
vessel wall. Further investigation into the 
flow characteristics of arteriovenous shunts 
is necessary.
Su m m a r y  and C onclusions
W e have described a technique of can- 
nulating small vessels utilizing the Fogarty 
catheter. This method gives complete con­
trol of the cannulation while minimizing 
vessel trauma.
Experience with 115 cannulations in 33 
patients on long-term, intermittent hemo­
dialysis showed that a significant number
of cannulas failed. Arterial cannulas failed 
largely because of poor surgical technique 
and hence can be avoided as the surgeon’s 
experience increases. Venous cannula fail­
ures were much more frequent. Clinical 
factors to which we attributed cannula 
failure were similar to those reported in 
the literature. However, closer analysis 
showed that over 60% of these failures 
were due to intimal thickening of the vein 
wall which is recognized clinically by in­
creased venous resistance. Possible causes 
of this intimal thickening have been dis­
cussed. We must learn more about the 
hemodynamic characteristics of external 
arteriovenous shunts and their relation to 
intimal thickening if we are to improve re­
sults in the future.
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thank Dr. Anse Toi for suggesting the use of the 
Fogarty catheter in cannula insertion.
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R e su m e
Les malades qui doivent subir des hemodialyses 
repetees, par suite d’un etat d’insuffisance renale, 
dependent d’une derivation arterioveineuse perma-
nente et accessible. Le defaut de permeabilite du 
shunt entraine une morbidite notable. Nous avons, 
au cours d’une periode de 2K ans, observe 33 
malades entretenus par hemodialyse au moyen de 
derivations externes et avons analyse les causes 
d’echecs de la canule. Les echecs de la canule 
arterielle sont rares et, grace a l’amelioration des 
methodes et des appareils, nous avons pu les 
eliminer entierement. Par contre, les echecs avec 
la canule veineuse represented la majorite de la 
morbidite chez les malades porteurs de shunts. 
Dans plus de 60% des cas d’echec de la canule 
veineuse, nous avons trouve des causes occlusives 
dans les parois des veines. Nous decrivons ici les 
caracteristiques cliniques, angiographiques et 
histologiques de cette occlusion veineuse et exami- 
nons 1’etiologie possible.
Nous decrivons une technique d’introduction 
des canules de dialyse qui utilise le catheter de 
Fogarty. Cette methode assure un controle inte­
gral du vaisseau et reduit au minimum le trauma- 
tisme de l’intima veineuse.
SCALENE NODE BIOPSY
Scalene node biopsies were performed on 
356 patients with intrathoracic lesions and on 
194 with carcinoma of the prostate between 
1955 and 1968. Eleven patients with intra­
thoracic lesions requested discharge or refused 
further treatment before a diagnosis was made. 
The ages of the remaining 345 patients with 
intrathoracic lesions ranged from 30 to 80 and 
averaged 60 years, the ages of two thirds of 
the total group and of 71% of those with 
carcinoma of the lung being over 60 years.
Scalene nodes were positive for tumour in 
2 .4* of the patients with Stage I prostatic 
carcinoma (those having local extension with 
acid phosphatase below one King-Armstrong 
unit) and in 36.6* of those with Stage IV 
carcinoma (those with evidence of distant 
metastases and elevated acid phosphatase).
Positive scalene nodes were seen in 63 
(24.8*) of 254 patients with malignant intra­
thoracic lesions, of whom 240 had primary 
carcinomas of the lung, with positive scalene 
nodes in 23.3*. Fourteen of the malignant 
intrathoracic lesions were metastatic. Biopsies 
were positive for malignancy in 40 (89*) of 45 
patients with palpable scalene nodes and in 23 
(11*) of 209 patients with non-palpable sca­
lene nodes. The highest percentages of positive 
results for malignancy from scalene node 
biopsies were obtained in patients with lesions
in the right upper, left upper, and right middle 
lobes and the lowest percentages were in those 
with malignant lesions in the right lower lobe. 
Right scalene nodes were positive in 3 of 34 
patients with malignant degeneration in the 
left lung and left scalene nodes were positive 
in 2 of 133 patients with malignant lesions on 
the right side of the lung. Bilateral scalene 
node biopsies performed on 19 patients were 
positive on the contralateral side only in 1 
patient and on the ipsilateral side they were 
lene nodes were positive in only nine patients 
with benign intrathoracic lesions had sarcoid­
osis and in 9 (82*) the scalene nodes were 
positive; scalene nodes were negative in all 
other patients with benign lesions.
Correlated with other diagnostic studies of 
intrathoracic lesions, scalene node biopsies 
were positive in 25* of the patients with pul­
monary carcinoma, bronchoscopy including 
cytologic studies or biopsy, or both, yielded 
positive results in 65*, and roentgenographic 
interpretations were correct in 87*. With non- 
malignant pulmonary lesions, the radiologic 
interpretation was correct in 57*, broncho­
scopy gave negative results in 91*, and sca­
lene nodes were positive in only nine patients 
with sarcoidosis.—Palumbo, L. T. and Sharpe, 
W. S.: Scalene node biopsy; correlation with 
other diagnostic procedures in 550 cases, Arch. 
Surg. (Chicago), 98: 90, 1969.
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OPEN REDUCTION OF FRACTURES OF THE CALCANEUM
JOHN W. HAZLETT, M.D., B.Sc.(M ed.), F.R.C.S.[C],S Kingston, Ont.
Comminuted fracture of the calcaneum 
with depression or rotation of all or a 
portion of the surface that contributes to 
the subtalar joint often leads to perma­
nent disability which is characterized by 
broadening of the heel, valgus deformity 
of the foot, stiffness of the foot joints, 
troublesome “hind-foot” pain and atrophy 
of the calf muscles.
Many treatments have been advocated: 
the traction-counter traction method of 
Bohler1 described in 1929; delayed sub­
talar arthrodesis by Gallie2 in 1943; open 
reduction with cancellous, iliac-crest bone 
graft by Palmer3 in 1948; the use of a 
metal spike and shoe plaster described in 
a Hunterian lecture by Essex-Lopresti4 in 
1951; early active motion without reduction 
by Lindsay and Dewar5 in 1958; primary 
triple arthrodesis by Thompson and 
Friesen6 in 1959; and primary subtalar 
arthrodesis by Dick7 in 1953, and Hall and 
Pennal8 in 1960.
Palmer3 and Cassebaum9 drew attention 
to the additional anatomical features that 
are only appreciated on open reduction 
and compared these with the impressions 
gained from clinical and radiographic 
examination of calcaneal fractures. Accord­
ing to Cassebaum,9 it is apparently futile 
to exert traction on an impacted and 
depressed joint surface or to encourage 
early motion of irregular, blocked, talo­
calcaneal joint surfaces.
Generally orthopedic surgeons have 
accepted the principle of open reduction 
and internal fixation of comminuted frac­
tures of a weight-bearing joint, if the joint 
surface is not totally destroyed. With vary­
ing degrees of success, depending on the 
extent of joint involvement and the sur­
geon’s ability to realign the articular sur­
face, this principle has been applied to 
the comminuted acetabulum, the displaced
“Assistant Professor of Surgery (Orthopedics), 
Queen’s University, Kingston, Ont. Attending 
Orthopedic Surgeon, Hotel Dieu Hospital, King­
ston.
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tibial plateau and the lower end of the 
tibia.
After the subtalar joint surface is ele­
vated under direct vision, efficient internal 
fixation can usually be obtained by using 
screws, staples or cancellous bone grafts. 
Once the reduced joint surface is secured, 
the joint stiffness and tendon sheath adhe­
sions associated with plaster immobiliza­
tion can be avoided by using a supporting 
bandage and encouraging early active 
motion of the foot. Atrophy of the leg 
muscles can be reduced by static triceps 
exercises, just as static quadriceps exercises 
are used in knee injuries.
This paper describes the results obtained 
with open reduction, secure internal fixa­
tion, early active motion and static triceps 
surae exercises in 22 consecutive patients 
who had comminuted fractures of the 
calcaneum and gross involvement of the 
subtalar joint surfaces.
Material
These 22 patients with a fracture of the 
subtalar joint surface of one heel were 
treated over a period of 10 years. There 
were 18 men and 4 women. Their average 
age was 39 years with a range from 21 
to 59 years; most of them were between 
30 and 50 years of age. Eight of the 22 
were covered by the Workmen’s Compen­
sation Act (Ontario).
Most of the fractures (18) were due to 
a fall from a height. Two occurred in auto­
mobile accidents, one in a racing sulky 
accident and one was a direct crushing 
injury—a falling tree.
The right heel was involved 12 times 
and the left 10 times. Associated injuries 
were as follows: fractures of vertebral 
bodies, two; fractures of the opposite leg, 
two; fracture of the same hip and fracture 
of the wrist, one each.
Method
All fractures were assessed before opera­
tion by radiographs of the injured and 
uninjured heels, including anteroposterior,
July 1969 ORIGINAL ARTICLE 311
Fig. 1.—Routine, lateral radiographs of a nor­
mal foot with the lateral aspect to the table and 
the x-ray tube medially. Note the enlarged susten­
taculum and blurring of the subtalar joint sur­
faces in inversion (top) and eversion (bottom).
lateral, oblique and axial views of the hind 
foot. The appearance of the subtalar sur­
face of the calcaneum varies on lateral 
films, depending on whether the foot is in­
verted or everted and whether the x-ray 
tube is on the medial or lateral side of the 
foot. Routinely, the patient places the in­
jured foot on its lateral surface and the 
radiographic tube is positioned medially. 
This view brings the sustentaculum tali 
and medial tubercle of the talus into 
prominence and obliterates the posterior, 
subtalar joint surface (Fig. 1). This joint
Fig. 2.—Lateral radiograph of a normal foot 
with the x-ray tube laterally. Note the clarity of 
the subtalar joint surfaces compared to Fig. 1 in 
inversion (top) and more so in eversion (bottom).
Fig. 3.—Oblique radiograph of a normal foot 
shows the posterior joint surface of the calcaneum 
clearly.
surface is more apparent if the tube is 
positioned laterally (Fig. 2) or if an oblique 
view of the foot is obtained (Fig. 3).
On an axial radiograph with the ankle in 
reduced dorsiflexion, the calcaneum seems 
to widen (Fig. 4). This apparent widening 
of the calcaneum can be detected if the 
patient is unable or unwilling to dorsiflex 
the painful, swollen foot, in spite of the 
radiographer’s efforts to keep the dorsi­
flexion in the two feet equal.
In summary, we assess the subtalar joint 
damage and displacement by studying the 
lateral view (taken with the x-ray tube 
positioned laterally rather than medially), 
the oblique view and a carefully controlled 
axial view.
Fig. 4.—Axial radiographs of the normal heels 
of a patient. The ankle on the side that is 3 
mm. wider has 10° less dorsiflexion.
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Fig. 5.—Side view of a foot showing the healed, 
lateral scar from open reduction of the calcaneum.
Open reduction of the fracture is usually 
performed within a day or two of the 
injury. After placing a pressure tourniquet 
on the affected thigh, we prepare the 
affected foot and the anterior iliac crest 
on the same side. The patient is turned 
slightly to the opposite side and supported 
by sand-bags. The incision runs slightly 
obliquely just below the lateral malleolus, 
along the line of the peroneal tendon 
sheaths, for 2 to 2V2 inches on the outer 
side of the heel (Fig. 5). When the incision 
is deepened through the peroneal tendon 
sheaths, we take care to avoid the sural 
nerve. The peroneal tendon sheaths, 
which are usually opened, are often dis­
tended with thick blood from the adjacent 
fracture lines. The lateral wall of the 
calcaneum is usually comminuted and, if 
the tendons are retracted downwards and 
backwards, can easily be entered just above 
the line of the peroneal tendons. On a 
few occasions we reflected the tendons for­
wards and entered the lateral wall of the 
calcaneum along the line of the tendon 
sheaths. The synovium of the subtalar 
joint, which can be recognized above the 
line of the peroneal sheaths, is divided so 
that we can visualize the articular surface 
directly while the fracture is elevated.
A pad is placed medially, the foot is 
forced into inversion and a broad elevator 
is pushed into the substance of the 
calcaneum from the lateral opening; then 
the displaced portion or portions of the 
posterior subtalar facet are disimpacted
Fig. 6.—(a) Lateral radiograph of a fractured 
calcaneum with downward rotation of the lateral 
portion of the posterior, subtalar joint surface, 
(b) Lateral radiograph after elevation of the 
lateral, displaced portion and transverse screw 
fixation to the medial portion.
and levered into alignment. The facet is 
usually divided lengthwise by the fracture 
line; if so, the more mobile and depressed 
lateral portion is fixed to the medial por­
tion by a single transverse screw of ap­
propriate length (Fig. 6). With the facet 
in one piece, the entire fragment can be 
elevated further and brought into align­
ment with the remainder of the upper sur-
Fig. 7.—Oblique radiograph taken at the time of 
open reduction shows the elevation of the pos­
terior subtalar facet; the large central defect is 
outlined by air and the block of iliac-crest can­
cellous bone is in place.
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Fig. 8a Fig. 8b Fig. 8c
Fig. 8.—(a) Lateral radiograph of a calcaneal fracture involving the subtalar joint sur­
face. (b) Axial and (c) lateral radiographs showing reduction of joint irregularity. A staple 
was used to approximate the main fracture line.
face of the bone. These manipulations may 
produce a considerable cavity in the centre 
of the calcaneum, which can be filled by 
a full-thickness, cancellous bone graft taken 
from the anterior iliac crest. The block of 
cancellous bone is trimmed to the proper 
size and impacted between the undersur­
face of the facet and the inferior cortex 
of the calcaneum (Fig. 7).
After the posterior subtalar facet has 
been fixed in its new position, the foot is 
moved through the complete range of in­
version and eversion to test the adequacy 
of elevation and stabilization. The side 
walls of the broadened calcaneum are 
manually compressed beneath the elevated 
facet and, if a bone graft has been used, 
about the bone graft.
In treating these 22 fractures, we used 
13 cancellous bone grafts: the graft alone 
in eight, with a screw in four, and with 
a threaded wire in one. When no graft 
was used, the reduction was stabilized with 
a screw in three, a threaded pin in two, a 
screw and staple in one and a staple in two 
(Fig. 8). One fracture was stable without 
internal fixation.
On a few occasions, when the wound 
was closed, the peroneal tendon sheaths 
were reconstituted with paratenon from 
the calf muscles, obtained by extending the 
skin incision upwards behind the lateral 
malleolus. The tourniquet is released be­
fore the skin is closed, and open veins are 
ligated to avoid hematoma. A padded 
dressing is applied and held with an en­
circling elastic bandage.
The foot of the patient’s bed is elevated 
on shock pins and he is encouraged to 
move the ankle, foot and toe joints early 
and actively. When the foot is comfortable 
and the swelling has been controlled, 
usually in two or three days, the patient 
is allowed up on crutches. As early as pos­
sible, he begins static triceps exercises, 
often against a slight resistance applied to 
the ball of the foot. He is encouraged to 
look forward to early recovery with mild 
discomfort and a relatively normal-looking 
foot. He is kept in hospital usually less 
than one week.
Radiographs are taken at operation to 
guide the positioning of the subtalar facet, 
metal fixation and cancellous bone graft. 
Additional radiographs are taken after six 
to eight weeks to demonstrate that the 
fracture lines are consolidated before the 
patient begins to bear weight on crutches. 
By 12 weeks the patient can usually walk 
with only a slight limp and without ex­
ternal aids. The next stage in muscle de­
velopment and recovery is the patient’s 
return to work.
Later, after full weight bearing, radio­
graphs may show a slight loss of reduc-
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Fig. 9.—Lateral radiograph, taken one year after open reduction, shows slight residual depression of the posterior, subtalar joint surface with a sclerotic outline of the bone graft in the consoli­dated fracture of the calcaneum.
tion but the reduced joint surface is well 
maintained and the calcaneum heals 
solidly. The bone graft probably takes a 
year or more for complete revasculariza­
tion (Fig. 9).
Results
These patients were kept under direct 
observation, at least until they returned to 
work: 13 returned to work in less than four 
months and 19 of the 22 returned to work 
in less than eight months.
Of the six patients whose return to work 
was delayed for four to eight months, 
three, who were treated under the auspices 
of the Workmen’s Compensation Board 
(Ontario), were unusually concerned about 
their ability to work and were difficult to 
motivate; one was on disability payments 
and his business was slack; one had gross 
involvement of his calcaneocuboid joint 
and the last had troublesome associated 
injuries from an automobile accident.
Three patients did not return to work 
in under eight months. The first, a labourer 
treated under the Workmen’s Compensa­
tion Board, never had adequate reduction 
and required subtalar joint fusion at six 
months; the second, a 57-year-old bachelor, 
had an associated fracture of the hip. He 
was under the Workmen’s Compensation 
Board and admitted that he would never 
return to work again; the third, a young 
girl, who received multiple associated in­
juries in an automobile accident did not 
have adequate reduction of her fracture. 
Thus, the three “failures” (no return to
Fig. 10.—Lateral radiograph of a crush fracture of the calcaneum.
work within eight months) were due to 
failure of treatment in two instances and 
lack of patient motivation in the third.
These 22 patients were followed further 
by a questionnaire covering functional ca­
pacity, which was returned by 20, and by 
personal assessment in all but 4 patients. 
The questionnaire confirmed the date of 
return to work, and inquired about the 
severity of continued pain, limp, ability 
to walk on the toes, to walk long distances, 
and restriction of leisure activities. All pa­
tients noted a periodic aching pain, usually 
on the outer side of the heel, associated 
with activities such as mowing a lawn, 
walking on rough ground, descending 
stairs or carrying a heavy weight. Only 
two patients stated that the pain altered 
with changes in weather. Four stated that 
this periodic pain disappeared 18 to 24 
months after injury, and others stated that 
it was less constant. All patients, one year 
after injury, could walk on their toes, but 
in each the circumference of the calf of 
the injured limb was reduced by one- 
quarter to one-half inch. Almost all pa­
tients had slight swelling or the circum­
ference of the foot was increased just 
below the ankle joint, but only two com­
plained of difficulty in obtaining suitable 
shoes, and the need to stretch or alter the 
heel of the shoe on the injured side.
All but four patients, who had full foot
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Fig. 11a Fig. l ib  Fig. 11c
Fig. 11.—Lateral radiographs of (a) the unaffected heel, (b) the beak fracture of the calcaneum 
and (c) the result of open reduction with approximation of the subtalar joint surfaces by a transverse 
screw.
motion, had restriction of inversion and 
eversion motions of the foot, particularly 
eversion. Follow-up radiographs, taken at 
the time of latest evaluation, often showed 
minor joint-line irregularities but no gross 
post-traumatic arthritis.
D iscussion
Fractures of the calcaneum observed at 
operation, indicate that there are two com­
mon types with many variations. The two 
common types are described as the “beak” 
and the “crush” type, from their appear­
ance on lateral or oblique radiographs 
(Figs. 10 and 11). Two additional de­
scriptive terms derive from the type of 
foreshortening of the calcaneum, as evi­
denced by the radiographic appearance on 
axial views of the heel. These variations, 
can be termed the oblique “shift” or “shear”
Fig. 12.—Axial radiographs showing an oblique 
shift fracture-displacement before and after open 
reduction, and fixation of the subtalar joint sur­
faces with transverse screws. The fracture line 
passes from the lateral aspect backwards to the 
medial aspect.
type (Fig. 12). In cadavers, Thoren10 pro­
duced fractures of the calcaneum by driv­
ing a pendulum against the heel while the 
foot was held firmly in various positions. 
A beak fracture is produced when the foot 
is plantar flexed, a shear type when the 
foot is pronated, and a crush or squash 
type when the foot is dorsiflexed, with or 
without supination.
If we consider the wedge-shaped an­
terior end of the posterior subtalar joint 
surface of the talus as a cleaver, a fall 
from a height on a plantar-flexed ankle and 
foot in which the forefoot strikes the 




Fig. 13.—Mechanism of production of beak and 
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angles from above downwards and back­
wards across the thickness of the heel with 
upward separation of the beak of the 
tuberosity—the beak fracture. If the ankle 
is in dorsiflexion and the heel strikes the 
ground before the forefoot, the posterior 
facet of the talus forces the entire posterior 
facet of the calcaneum downwards and 
into itself to produce the crush fracture 
(Fig. 13).
It is also possible that, when the foot 
strikes the ground in a valgus or everted 
position, the talus will rotate medially 
from the calcaneum and produce an 
oblique fracture through the sinus tarsi 
area. The larger, posterolateral fragment 
will shift outwards with only a marginal 
injury to the posterior articular facet. This 
is the oblique shift or shear type injury. 
If the foot is in a varus or inverted posi­
tion, the talus is driven directly into the 
calcaneum and produces a crush or squash 
injury without any shifting or shearing ef­






Fig. 14. —Mechanism 
lique shift and squash 
from the axial aspect.
SQUASH
production of the ob- 
the calcaneum viewed
there were 15 crush fractures and 7 beak 
fractures.
Before he performs an open reduction, 
the surgeon should appreciate the mech­
anisms by which the calcaneum is injured 
and displaced. The oblique shift or shear 
must be recognized at open reduction and 
overcome by forced inversion of the foot 
at the same time as the subtalar facet is 
elevated. This type of fracture can be fixed 
particularly well by driving a 1 to 1(4- 
inch screw from the lateral cortex across 
the calcaneum and forwards into the base 
of the sustentaculum tali or the medial 
aspect of the calcaneum. If such a frac­
ture is produced by a fall on the everted 
foot, only this oblique shift may need to 
be corrected and fixed by a screw to ob­
tain a satisfactory anatomical reduction 
(Figs. 6 and 12).
A squash or crush fracture seen at open 
reduction will commonly show downward 
displacement of the entire joint surface, 
a longitudinal fracture of this surface and 
additional downward displacement of the 
posterior end of the lateral one-half of the 
joint surface. For proper restoration of the 
joint surface, the two halves should be 
coapted with a transverse screw, the entire 
joint elevated and both fragments sup­
ported by a cancellous bone graft in the 
centre of the calcaneum. If the joint surface 
is intact except for a small fragment from 
the lateral rim it can be supported by a 
cancellous bone graft and the small outer 
rim discarded (Figs. 7 and 9).
Conclusions
Twenty-two consecutive patients with 
comminuted fractures and displaced sub­
talar facets of the calcaneum were treated 
by open reduction, internal fixation, early 
motion and static calf exercises.
Nineteen of the 22 returned to their 
regular work in less than eight months 
after injury. Most had periodic aching 
pain, usually on the outer side of the heel, 
that was associated with certain activities. 
Of the three patients who did not return 
to work in less than eight months, two 
had not had adequate reduction of their 
fractures as evidenced by radiographic ex­
amination.
The types of joint displacement en-
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countered at open reduction have been 
related to the possible mechanism of in­
jury. The types of internal fixation neces­
sary in shear or beak, and crush or squash 
fractures have been described.
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Re s u m e
En l’espace de 10 ans, l’auteur a traite par 
reduction ouverte 22 cas de fractures comminu- 
tives du calcaneum, interessant l’articulation 
subastragalaire. II signale comme mecanismes pos­
sibles de la lesion, des fractures-deplacements en 
biseau ou par ecrasement et decrit sa methode 
personnelle de reduction ouverte et la fixation au 
moyen de vis, de broehes ou de greffes osseuses, 
reticulees. Nous avons eu recours a la mobilisa­
tion precoce des articulations du pied, sans y 
faire porter le poids du corps et a des exercices 
statiques du triceps, pour diminuer la raideur 
articulaire et l’atrophie musculaire.
Des 22 malades, 19 ont pu reprendre leur oc­
cupation normale moins de huit mois apres la 
lesion. Dans deux cas, la methode que decrit le 
present article n’est pas parvenue a reduire la 
fracture et a readapter le malade.
CRANIAL MONONEUROPATHY
The author describes a study of 13 patients 
with malignant disease, who had as their first 
sign of intracranial metastases, a mononeuro­
pathy of either the trigeminal or the hypo­
glossal nerve. The malignant disease included 
reticulosis, bronchogenic carcinoma, acute leu­
kemia, neuroblastoma and rhabdomyosarcoma.
Involvement of the fifth nerve usually 
spared the ophthalmic division and the motor 
division. The most frequent portion of the fifth 
nerve involved was the mandibular branch. 
Some patients had the maxillary branch 
affected as well. The twelfth nerve palsies 
were all unilateral and generally asympto­
matic. Some of the fifth nerve involvements 
were bilateral.
All patients had postmortem examinations 
and all showed meningeal or cranial nerve 
root infiltration by tumour. Improvement could 
be expected with radiation therapy and it was 
observed that cobalt treatment was most 
efficacious. Diagnostic studies were of limited 
value. Skull roentgenograms were remarkably 
unrevealing and spinal fluid was under normal 
pressure in all instances. There was no cellu­
lar response. Protein in the spinal fluid was 
elevated in only two patients and sugar was 
normal in all.
It was believed that the cranial nerve palsy 
was usually an ominous sign and the median 
length of life after the onset of the mono­
neuropathy was only three months. No pa­
tients were observed in whom the mononeuro­
pathy was present without direct tumour 
invasion. None of these patients had findings 
of carcinomatosis of the meninges.-Rubinstein, 
M. K.: Cranial mononeuropathy as the first 
sign of intracranial metastases, Ann. Intern. 
Med., 70: 49, 1969.
PALLESTHESIA STU D IES IN STROKE 
PATIENTS
It is suggested that patients with strokes 
who fail to achieve satisfactory rehabilitation 
despite improvement in their motor function 
are frequently hindered by a definite sensory 
dysfunction. In order to study this sensory 
dysfunction, the use of measured vibratory 
sensation, pallesthesia, was carried out in a 
series of patients. It was observed to be greatly 
diminished, not only in the hemiplegic ex­
tremities, but also frequently in all four ex­
tremities. The author used sinusoidal stimula­
tion as an aid in physical therapy and he 
suggests that this may improve sensory func­
tion.—Zankel, H. T.: Pallesthesia studies in 
stroke patients, Southern Med. J., 62: 8, 1969.
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FULMINATING HEMOLYTIC STREPTOCOCCAL INFECTION*
L. MICHAELS, M.D., M.C.Path., F.C.A.P., C.R.C.P.[C],t A. S. BUTTOO, M.D.J and 
P. HILLS, L.C.S.L.T.,§ Sudbury, Out.
It is commonly thought that hemolytic 
streptococcal infections are now always 
mild and that only their immunological 
sequelae such as rheumatic fever and glo­
merulonephritis need be feared. This view 
is strengthened because hemolytic strepto­
cocci are almost invariably sensitive to 
penicillin and because constant exposure 
to many different antigenic varieties of 
hemolytic streptococci1 induces resistance 
in the general population. However, new 
strains of highly virulent streptococci may 
arise against which individuals have no 
resistance.
We recently studied three patients who 
had streptococcal infection so fulminating 
that it caused death within a few days of 
onset. Other similar cases have been re­
ported in this area and in other parts of 
Canada. We wish to describe the history 
and pathological findings in these three 
patients to draw attention to a possible 
trend towards increasing virulence of 
hemolytic streptococcal infection. During 
their illness all three patients received 
large amounts of hydrocortisone and we 
believe this therapy handicapped these 
patients in their fight for survival. We 
report also the results of experimental 
studies in mice to determine the effect of 
hydrocortisone administration on infection 
with hemolytic streptococci. It was found 
that a fulminating type of infection, similar 
to that seen in our three patients, results 
from hydrocortisone administration in the 
infected animals.
Case Reports
Case I .—This patient, a 50-year-old man, 
was in good health until his final illness. On 
May 20, 1966 he played a vigorous game of 
tennis. The next day he developed pain in
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his right shoulder and was tender over the 
right pectoralis major. He was given indo- 
methacin and aspirin-phenacetin-caffeine tab­
lets for this pain. On the following day, 
however, the pain persisted and shifted to a 
lower level. That evening (M ay 22) he slept 
with a heating pad on his right chest. Appar­
ently the pad became uncovered and lay in 
contact with his skin for 8 to 10 hours. On 
May 23, the day of admission, he had swel­
ling, pain and redness in the right arm, right 
shoulder and the right side of the chest area, 
which later spread to the right flank. He was 
admitted to hospital at 10:45 p.m. in a state 
o f collapse. His systolic blood pressure was 60 
to 80 mm. Hg, the diastolic pressure was 
unobtainable. The pulse was very weak and 
thready. There was cyanosis of the fingernails, 
fingers and toes. There was a soft-tissue swel­
ling o f the shoulder, right arm and right chest 
and erythema of the overlying skin, which be­
came darker by the next morning. The hemo­
globin was 18.7 g./lOO ml. The leukocyte 
count was 11,000/c.mm., with a normal dif­
ferential. The blood film showed toxic granula­
tion of the cytoplasm of the neutrophils. Blood 
urea nitrogen (B.U.N.) was 55 mg./lOO ml., 
the serum glutamic oxaloacetic transaminase 
was 75 units/ml. and the blood sugar was 202 
mg./lOO ml. (this was obtained after intra­
venous 5% glucose and water solution had 
been running at a fairly fast rate). On 
admission the patient’s temperature was 
normal, but rose to 105° F. by noon of May 
24. The patient became comatose. Blisters in 
the rash on his right side developed and fluid 
was removed for bacteriological examination. 
The patient was treated with oxygen, blood 
transfusion, antibiotics and hydrocortisone. 
His total antibiotic therapy was: tetracycline 
2000 mg.; chloramphenicol 250 mg.; penicil­
lin 500,000 units intramuscularly three hours 
before death and an additional 500,000 units 
intramuscularly one hour before death. His 
total hydrocortisone therapy was: hydrocorti­
sone 400 mg. and hydrocortisone sodium 
succinate (Solu-Cortef) 975 mg.
The patient died 22 hours after admission. 
Blood cultures and the culture of the blister 
fluid yielded heavy growths of Lancefield 
Group A hemolytic streptococci, sensitive to 
penicillin, chloramphenicol and tetracycline, 
but resistant to streptomycin and neomycin.
Pathological findings—Over the right chest
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Fig. 1. — Case 1 . Skin of the right chest and 
right axilla at autopsy. The right axilla is at the 
upper left part of the photograph. The ulcers 
were produced when the blisters burst terminally.
and the medial surface of the right upper 
arm there was a large area of greenish dis­
colouration in which many blisters had formed 
(Fig. 1). The skin in these areas showed 
varying degrees of gangrene. The underlying 
pectoral and latissimus dorsi muscles showed 
widespread suppuration with thin wateiy pus 
infiltrating the muscle fibres. Microscopically 
the involved muscles showed an acute cellu­
litis with severe edema and fibrin deposition 
between the muscle fibres accompanied by 
vast numbers of gram-positive cocci, often in 
chains, and occasional neutrophils. In the 
intercostal muscles between the second, third 
and fourth ribs posteriorly, hematomas had 
formed. The right axillary vein and many of 
its tributaries were filled with soft thrombus. 
The right pleural cavity contained 200 ml. 
of turbid brownish fluid. The right lung was 
covered with numerous flecks of fibrin. Micro­
scopically there was an acute pleuritis and 
great numbers of streptococci were seen in 
sections of the pleura. The lungs showed 
severe congestion and very large numbers of 
intra-alveolar corpora amylacea. The enlarged
liver weighed 2430 g. and showed severe, 
passive, venous congestion. The spleen was 
enlarged to 750 g. and had a smooth surface, 
a firm consistency, and dark-red, firm and soft 
areas on its cut surface. Microscopically there 
was an intense engorgement of the red pulp 
with blood. The heart was enlarged to 440 g. 
due to moderate, left ventricular hypertrophy. 
Numerous blotchy hemorrhages were seen 
over the parietal and visceral pericardia, but 
there was no microscopic evidence of inflam­
mation of the pericardium. Small effusions of 
clear fluid were seen in both tunicae vaginalis, 
but no abnormality of the testes was noted 
grossly or miscroscopically.
Bacteriology.— Swabs of muscles and the 
right pleural cavity taken at autopsy re­
vealed very heavy growth of beta hemolytic 
streptococci of Lancefield Group A. W e did 
not test for the M and T  types of this organ­
ism.
Case 2 .—A 34-year-old man was admitted 
to hospital on April 27, 1967 at 12 :10  a.m. 
with “cellulitis”. He had complained of pain 
and swelling of the right chest and shoulder 
with fever and chills for days. Until one week 
before admission when he injured his right 
hand he had been in good health. Following 
this minor injury, a blister formed over the 
right metacarpophalangeal joint and the skin 
opened. Two days later, while at work he 
struck his right forearm; the dorsal aspect soon 
became red and tender. A transient influenzal- 
type of illness then developed with fever, 
chills, nausea, vomiting, abdominal cramps 
and pain in the right shoulder. This persisted 
and when he had had the shoulder pain for 
three days, he was seen in the emergency 
department, where a diagnosis of pleurodynia 
was made and he was sent home.
The next day (April 27) he was admitted 
because his condition had become much 
worse. The right shoulder pain had increased 
and now radiated to the anterior part of the 
right chest. He was pale and toxic. His blood 
pressure was 90/60 mm. Hg, pulse 120/min., 
temperature 97° F. and respirations 36/min. 
A large, tender, indurated mass with indefinite 
edges was palpated over the whole of the 
right pectoral region, the right axilla and the 
supraclavicular area of the neck on the right 
side (Fig. 2 ). Movement of the right shoulder 
was limited. There was a small ulcer over the 
metacarpophalangeal joint of the right hand, 
but no evidence of lymphangitis of the right 
upper arm. The motion of the right chest was 
limited and breath sounds were diminished; 
there was dullness to percussion at the right
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Fig. 2.—Case 2. Right chest showing edema 
and blotchy congestion.
base. A small amount of serous fluid was 
aspirated from the right pleural cavity.
A radiograph of the chest showed that the 
right diaphragm was elevated and that a 
loculated effusion extended into the minor 
fissure. The pectoral mass was seen as a large 
soft-tissue shadow. The leukocyte count was 
4200/c.mm. with 54% neutrophils, 16% band 
neutrophils, 6% metamyelocytes, 3% myelo­
cytes, 2% basophils, 1% eosinophils, 4% mono­
cytes and 14% lymphocytes. There was toxic 
granulation of the neutrophils. The hemoglobin 
was 17 g./lOO ml., the hematocrit 53 ml./ 
100 ml. and the sedimentation rate was 35 
mm. in one hour. Urinalysis showed protein 
two plus, and sugar one plus, and was negative 
on microscopy. His blood glucose was 300 
mg./lOO ml., B.U.N. was 43 mg./lOO ml., 
C 0 2 content was 22 mM./l., chloride 90 
mEq./l., sodium 125 mEq./l. and potassium 
3.9 mEq./l. Blood culture taken during life 
later grew Lancefield Group A beta hemolytic 
streptococci. Bacteriological examination of 
material from the right pectoral muscles taken 
during life showed gram-positive cocci, but 
no organisms were grown. A swab from the 
ulcer of the right hand grew both beta hemo­
lytic streptococci (Lancefield Group A) and 
coagulase-positive Staphylococcus aureus. Cul­
ture of fluid from the right pleural cavity 
revealed a pure growth of Lancefield Group 
A streptococci sensitive to all the commonly 
used antibiotics.
This patient was believed to have a deep, 
subpectoral abscess with cellulitis and septi­
cemia. By the morning his general condition 
seemed to have improved, but his temperature 
had risen to 102° F. and respirations were 
laboured. His temperature soon went up to 
107° F ., he was sponged with alcohol and ice 
bags were applied. He was given 800 mg. of 
hydrocortisone succinate via the intravenous 
fluid bottles over the next five hours. His con­
dition deteriorated and he became progres­
sively more confused; the skin became mottled 
and later cyanotic. His systolic blood pressure 
was 70 mm. Hg and the diastolic pressure was 
unobtainable. His pupils dilated and he died 
at 1:20 p.m. 13 hours after admission.
His total antibiotic therapy was: penicillin 
approximately two million units intravenously; 
streptomycin 0.5 g. intramuscularly; ampicillin 
500 mg. intravenously. These antibiotics were 
all started several hours after the final admis­
sion to hospital.
Pathological findings.—There was a large, 
soft-tissue swelling involving the right axilla, 
anterior chest wall, right shoulder and right 
side of the neck. The subcutaneous and muscu­
lar tissues of the right upper arm and right 
side of the chest were infiltrated with greyish- 
brown, turbid fluid. There was acute inflam­
mation of the muscles with necrosis of muscle 
fibres and numerous gram-positive cocci were 
present in clusters and short chains. The axil­
lary and cervical lymph nodes were enlarged 
and soft. The axillary lymph nodes and sur­
rounding adipose tissue were acutely inflamed 
and the small veins were thrombosed. Ap­
proximately 500 ml. of turbid fluid was 
present in the right pleural cavity and a 
fibrinous deposit was noted on the visceral 
pleural surface. There was an acute pleuritis 
and the inflammatory exudate contained 
numerous gram-positive cocci. The underly­
ing lung tissue was not inflamed and the left 
lung was normal. The spleen was enlarged; 
it weighed 300 g. and had a smooth surface 
and a softened, reddish cut surface. Micro­
scopically there was an acute splenitis and 
marked congestion.
On direct smear the subcutaneous tissue of 
the right chest and right pleural cavity fluid 
contained numerous gram-positive cocci in 
chains and culture grew a heavy growth of 
Lancefield Group A beta hemolytic strepto­
cocci. Tests were not done to identify the M 
and T  types of this organism.
July 1969 ORIGINAL ARTICLE 321
Case 3 .—A 29-year-old woman was admitted 
to hospital because of a generalized itchy 
rash, vomiting, and slight edema of the eye­
lids and lips. Twenty-four hours before, a 
small, extremely itchy area appeared on her 
abdomen, she developed a productive cough 
and passed scanty urine. Her past medical 
history was non-contributory except that, 
during a pregnancy three years before, she 
had had a biological, false, positive reaction 
to the Wasserman test and a negative Trepo­
nema pallidum immobilization test. She had 
no past history of allergy. For the last 10 days 
she had taken phenylbutazone, 100 mg. three 
times a day, and tablets containing aspirin and 
codeine for vague joint pains and low back­
ache. On examination she had a dusky, dry, 
itchy, maculopapular rash over the neck, 
torso and limbs. Her throat was not injected, 
but the tongue was dry and coated. The skin 
was dry and inelastic. Her blood pressure was 
120/80 mm. Hg and the pulse was rapid and 
thready at 120/min, The heart was normal 
on auscultation. Examination of the lungs 
showed no abnormality. The rest of the physi­
cal examination was normal. We believed she 
had a severe anaphylactic reaction possibly 
related to phenylbutazone, with vomiting, 
dehydration and anuria.
An intravenous infusion of glucose and 
saline with hydrocortisone succinate was 
started and fluid intake and output were 
charted. Four hours after hospitalization she 
complained of severe chest pain and expec­
torated blood-stained sputum. There was no 
clinical evidence of peripheral venous throm­
bosis. Later she began to have loose watery 
stools. After another four hours she looked 
very ill and became restless. Her respirations 
were not laboured and there was good air 
entry over the lung fields. Her blood pressure 
was 96/60 mm. Hg and the jugular veins 
were not distended. Three hours later she 
became dyspneic and cyanosed. The dyspnea 
progressed to orthopnea; on examination she 
now had widespread rales over both posterior 
lung fields. The rash began to fade on the 
extremities. Tracheostomy was performed and 
the patient was put on an intermittent, posi­
tive-pressure Bird respirator. She had a slight 
initial improvement, but soon became cyan­
otic. Her blood pressure and peripheral pulses 
were unobtainable, but the cardiac beat could 
be monitored. At no time was her temperature 
elevated. By then she had received a total 
dose of 1000 mg. of hydrocortisone succinate. 
She died 14 hours after admission to hospital.
Bacteriological examination of sputum taken 
during life showed a heavy growth of beta
Fig. 3.—Case 3. Photomicrograph of a section 
of the skin of the abdomen showing the rash. 
There is an abscess of the superficial epidermis 
with spongiosis of the surrounding squamous cells. 
No streptococci were detected in any o f the skin 
abscesses (H & E, original magnification x 230).
hemolytic streptococci of Lancefield Group A.
Pathological findings.—There were cyanotic 
patches over the face and a bluish-purple rash 
over the abdomen. Histological examination of 
the skin taken from the area of the rash 
showed large numbers of intra-epidermal 
vesicles containing neutrophils and surrounded 
by areas of spongiosis of the epidermal cells 
(Fig. 3). No organisms were detected in these 
skin lesions. The dermis was congested and 
moderately infiltrated by neutrophils and 
lymphocytes particularly in relation to sweat 
glands. The pleural cavities contained about 
500 ml. of pinkish fluid on each side. The 
pleural surfaces of the lungs were covered 
with small hemorrhagic areas. Pink, frothy 
fluid was present in the bronchial tree. Micro­
scopically there was edema of the alveoli and 
a hemorrhagic pneumonia, as indicated by the 
presence in the alveoli of numerous red cells, 
moderate numbers of neutrophils and numer­
ous streptococci. The pericardial sac contained 
60 ml. of straw-coloured fluid. Small granular 
vegetations were seen on the superior surfaces 
of the mitral valve cusps (Fig. 4 ). Small 
areas of hemorrhage were present beneath the 
capsules of both kidneys.
Bacteriological culture of lungs, spleen and 
part of the mitral valve vegetations revealed 
very heavy growths of beta hemolytic strep­
tococci at each site. Lancefield grouping
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Fig. 4. —Case 3. The heart opened up to expose 
grey, warty vegetations on both cusps of the 
mitral valve.
showed the organism to be Group A. Special 
antigenic analysis of this organism showed 
that it was M type 3 and T type 3.
A n im a l  E x p e r im e n t s
We hypothesized that the fulminating 
quality of the beta hemolytic streptococcal 
infection in these patients was partly re­
lated to the large amounts of hydrocorti­
sone administered to them to treat their 
shock-like states. This hypothesis was tested 
by the following simple experiment in 
mice.
Material and Methods
Adult, albino mice weighing approxi­
mately 35 g. were treated as follows:
Hydrocortisone grou p—In four mice, 10 
mg. (0.2 ml.) of Solu-Cortef was injected 
into the right gluteal region.
Streptococcal group.—In four mice, 0.1 
ml. of saline suspension (containing one 
million streptococci, derived from a pure 
culture of the beta hemolytic streptococcus 
from Case 3) was injected into the left 
gluteal region.
Mixed group.—In four mice, 10 mg. (0.2 
ml.) of Solu-Cortef was injected into the 
right gluteal region and 0.1 ml. of saline 
suspension containing hemolytic strepto­
cocci (one million) from Case 3 into the 
left gluteal region.
Results
Hydrocortisone group.—These four mice 
were sacrificed on the ninth day of the 
experiment. At autopsy no gross change 
was seen at the site of injection. Micro­
scopically an occasional neutrophil was 
present between the fibres of the gluteal 
muscles but there was no abscess forma­
tion. The internal organs showed no gross 
or microscopical abnormality relevant to 
the experiment.
Streptococcal group.— These four mice 
were sacrificed on the ninth day of the 
experiment. Each of the mice had gross 
abscesses at the site of injection, which 
ranged from 0.2 to 0.6 cm. in diameter and 
consisted of cheese-like, pale-grey pus sur­
rounded by a thin, grey capsule. Micro­
scopically each abscess consisted of a 
central necrotic zone surrounded by an 
area of closely packed neutrophils. There 
was moderate fibroblastic proliferation 
at the edge of some of the lesions. No 
bacterial colonies or individual organisms 
were identified. We detected no relevant 
gross or histological lesions of the main 
internal organs.
Mixed grou p— One of these four mice 
died on the fifth day of the experiment. 
The site of streptococcal injection was 
diffusely swollen. There were numerous 
clumps of streptococci with bacterial 
colonization of muscle fibres, widespread 
necrosis of thigh muscles and subcutaneous 
tissue, and occasional neutrophils, but there 
was no sign of abscess formation. In the 
tubules of the kidneys and in the lumina 
of the blood vessels of the liver, there were 
colonies of cocci but no inflammatory 
reaction.
Another mouse in this group died on 
the sixth day of the experiment. At the 
site of the streptococcal injection there was 
diffuse cellulitis of skeletal muscle with 
many colonies of bacteria. In the blood 
vessels and among the parenchymal cells 
of the kidneys and lungs, there were colo­
nies of streptococci but no inflammatory 
reaction.
The last two mice in this group were 
sacrificed on the seventh day. Both had
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abscesses at the site of streptococcal injec­
tion in which no cocci could be seen. In 
one the myocardium of the left ventricle 
contained a large abscess showing necrosis 
in its centre and colonies of cocci together 
with a mild, acute inflammatory reaction.
D iscussion
Three previously well patients died from 
fulminating infection with Lancefield 
Group A hemolytic streptococci. In the 
Sudbury area other patients have had a 
similar course and a fatal outcome. One, 
a 40-year-old man, contracted scarlet fever 
from his children and was admitted to the 
hospital in shock. He died two hours later 
and at autopsy an intense suppurative 
gastritis due to Lancefield Group A strep­
tococci was found. These and other obser­
vations in this part of Canada suggest that 
increasingly virulent strains of hemolytic 
streptococci are causing these infections. 
Several similar reports recently suggest 
that this trend may be more widespread.2, 3
In the first patient (Case 1) the initial 
redness of the skin, the blisters that con­
tained large numbers of hemolytic strep­
tococci, the axillary venous thrombosis, 
the muscular and cutaneous lesions, just 
before and at death, and the rapid pro­
gression of the infection resembled the 
condition known as “hemolytic strepto­
coccus gangrene”.2 ,4 Gangrene of the skin 
was seen only terminally, however, and 
at autopsy the major lesion was wide­
spread, severe streptococcal cellulitis of the 
underlying muscles of the chest wall. This 
lesion, which was primary, was perhaps 
superimposed on a localized hematoma 
that formed during the vigorous game of 
tennis the patient played just before the 
illness began. Both the gangrene of the 
skin and the right streptococcal empyema 
(which was not associated with local 
pneumonia) were extensions of the skin 
infection.
In Case 2, although the acute inflam­
mation in the subcutaneous tissue and 
muscles of the right chest and upper arm 
was distributed like that in Case 1, the 
skin was less involved. The myositis was 
an upward extension of an infected ulcer 
of the right hand, although there was no 
obvious lymphangitis when he was ad­
mitted to hospital. As in Case 1, pleural 
infection was secondary to chest wall in­
volvement.
In Case 3 the source of the infection is 
in doubt. The clinical picture was domi­
nated by the rash, which had an unusual 
histological appearance—acute inflamma­
tion of the superficial epidermis, in which 
no streptococci could be identified. This in­
flammatory change was probably not due 
to bacterial invasion and differed from the 
terminal skin lesion in Case 1, and from the 
skin lesions associated with fulminating 
hemolytic streptococcal infection reported 
in the literature.2,4 In Case 3, the primary 
condition was probably an overwhelming 
pneumonia (vast numbers of streptococci 
were found in all sections of lung tissue). 
The endocarditis noted was, no doubt, 
terminal and related to the septicemia.
All three patients received large doses 
of intravenous hydrocortisone during their 
hospital stay—therapy based on recent con­
cepts in the management of shock,5 in 
particular, bacterial shock.6 In addition, 
the first patient had already received indo- 
methacin and the third phenylbutazone; 
both of these drugs have an anti-inflam­
matory action. Indomethacin has been 
associated with fatal infection in children.7
It is generally recommended that, if 
patients with septic shock are to be treated 
with large doses of intravenous hydro­
cortisone, intravenous antibiotics should be 
given before the steroids are administered. 
In Cases 1 and 3, because no clinical diag­
nosis had been made, the attending phy­
sicians did not know that they were dealing 
with 'an infection; hence, adequate antibi­
otic coverage was not provided. In Case 
2, the patient was thought, on clinical 
grounds, to have bacterial cellulitis and 
septicemia; penicillin and streptomycin 
were given before hydrocortisone was ad­
ministered. However, the infection was far 
advanced when he was admitted and prob­
ably the antibiotics did not have time to 
exert much effect before the hydrocortisone 
was started.
It is possible that, in these patients, the 
hemolytic streptococcal infection gained 
ground when the immune responses were 
suppressed by hydrocortisone in large 
amounts. In Cases 1 and 3, specific anti-
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inflammatory drugs may have increased 
this effect. In Case 2 hydrocortisone was 
given only after the patient developed a 
high fever; his general condition did not 
start to deteriorate, however, until it was 
administered.
The results of the mouse experiment, 
which simulated the clinical conditions in 
these three patients, strengthen this con­
clusion. Mice given only hemolytic strep­
tococci developed a local abscess. Most of 
the mice given hydrocortisone with the 
streptococci developed a more widespread 
streptococcal infection, confirming that this 
drug intensifies infection by reducing nat­
ural resistance. The microscopic appear­
ance at the injection site in some of the 
mice was strikingly similar to the condi­
tion in the right pectoral muscles in Cases 
1 and 2; there were large numbers of 
organisms, necrosis of muscle fibres and 
a weak inflammatory exudate. The time 
required for serious change in these mice 
reflects the time required for the strepto­
cocci to progress to the logarithmic phase 
of their growth within the animal’s tissue, 
as compared with the activity of the 
organisms in the patients when the hydro­
cortisone was given. We are doing further 
experiments to elucidate some of the prob­
lems presented in this paper.
In the light of our experience, we cannot 
recommend high doses of hydrocortisone 
in the treatment of shock due to strepto­
coccal septicemia. Lansing,8 who found 
that the survival rate in patients with septic 
shock was higher after doses of hydro­
cortisone, recommended 300 mg. to 500 
mg. every eight hours for three to five days. 
Although he includes gram-positive infec­
tions in his recommendations, he seems to 
refer specifically to gram-negative septi­
cemia where hydrocortisone therapy may 
reduce allergic hypersensitivity to endo­
toxin produced by the organisms. On the 
other hand, Naqui and Tranter8 saved four 
out of five patients with bacterial shock 
without using adrenal steroids; they used 
large quantities of intravenous isotonic 
saline. One of their survivors had bac- 
teremic shock associated with Streptococcus 
pyogenes that originated in an osteomye­
litis of metatarsal bones; this infection had 
been treated with one million units of
intramuscular crystalline penicillin every 
six hours for two days before he went 
into shock. Another of their patients with 
E. coli bacteremic shock had received an 
antibiotic to which the causative organism 
was resistant. The authors believe that if 
hydrocortisone had been used it might 
have killed this patient; the same may hold 
true for their patient with streptococcal 
infection in whom the penicillin had not 
taken effect when he went into bacteremic 
shock.
In only one of the three patients present­
ed here did the attending physician suspect 
hemolytic streptococcal septicemia. None 
had the classical signs of a septic shock, 
i.e. chill with rigors, rapid rise in temper­
ature and the early development of intense 
leukocytosis.® In none was central venous 
pressure measured to control fluid therapy, 
although each probably had severe rela­
tive hypovolemia due to peripheral pooling 
of blood. Close supervision of the central 
venous pressure and arterial blood lactate 
estimations are currently recommended in 
the intensive therapy of patients with 
shock.9 Clinicians, if they are aware that 
fulminating infections with virulent hemo­
lytic streptococci are now being seen, may 
make this diagnosis at an earlier stage in 
the future. If modern methods are used to 
manage these patients, more of them may 
be saved.
S u m m a b y
Three previously healthy people died of 
an overwhelming infection due to beta 
hemolytic streptococci of Lancefield Group 
A. In two the infection affected chiefly the 
muscles of the right chest wall. In the 
other, the organism produced pneumonia 
and acute endocarditis.
All three had been given large doses of 
hydrocortisone to combat associated shock. 
The authors have grave doubts concerning 
the value of this therapy in streptococcal 
infections. Hydrocortisone injected into 
mice appears to convert a localized strep­
tococcal infection into a generalized one.
We wish to thank Dr. H. Terry Van Patter of 
St. Michael’s Hospital, Toronto, for clinical and 
autopsy details of Case 2.
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R e s u m e
Trois malades sont morts d’infection foudroyante 
a streptocoque hemolytique. Deux de ces sujets 
presentaient une colonisation singuliere des pecto- 
raux droits par des streptocoques beta hemo- 
lytiques, sans reaction inflammatoire notable. Le 
troisieme malade avait une pathologie similaire 
mais qui affectait les poumons. Pendant leur ma- 
ladie fatale, chaque malade fut traite par de 
fortes doses d’hydrocortisone.
On a provoque chez des souris une infection 
foudroyante par des colonies bacteriennes sans 
reaction inflammatoire, en leur injectant simul- 
tanement des streptocoques beta hemolytiques et 
de l’hydrocortisone.
Des resultats de leur experience, les auteurs 
concluent que l ’hydrocortisone n’est pas indiquee 
dans le traitement du choc cause par des strepto­
coques beta hemolytiques.
PRESENT VIEW S ON BREAST CANCER
The author emphasizes the importance of 
early detection of breast cancer. The latent 
period, extending to the time the patient sub­
mits herself to treatment, is between 9.7 and 
13.3 months according to different detection 
centres. The chronic mastopathy is often a pre- 
cancerous condition, cancer having developed 
in 2%. The author describes different locations 
and submits a diagram of the lymphatic system 
of the breast, stating that 75% of the lymphatic 
ducts extend to the same axillary region. Mam­
mography is useful in locating lateral tumours 
and in diagnosing obscure conditions, causes 
of complaints, and suspicious mastopathy.
During pregnancy radical ablation should 
be carried out, using special precautions. In­
terruption of pregnancy is indicated only if the 
mothers life is in danger before the child is 
viable, in instances of inoperable cancer, in a 
patient with a poor general condition or if, 
after a patient has been treated for cancer of 
the breast and the wound has healed, she 
becomes pregnant and definite evidence of 
recurrence of the disease is present. Cancer of 
the breast in men occurs in 1% to 2%; prognosis 
is usually poor because of late diagnosis.
Staging is according to Steinthal and in­
cludes Stages I, II, III, and the final stage, 
in which there is far metastatic and general 
carcinomatosis. Radical mastectomy is the 
treatment of choice. Simple mastectomy with 
radiation has not yet proved to be an effective 
method. The author discourages indiscriminate 
use of preoperative roentgen irradiation be­
cause it increases the waiting time and in­
creases wound infection; it is also a great 
psychologic load for the patient. Postoperative 
radiation for Stage I cancer is not necessary, 
but its use in other types is indicated.
Hormone therapy is given in the usual 
manner. However, the changing hormone de­
pendency of the tumours is still a puzzle. 
Surgical endocrine ablation is carried out in a 
progressive manner, the ovaries are managed 
first, then the adrenal gland and the pituitary 
gland.
The five-year cure rate in those with Stage I 
cancer, which is 70% to 80% compared to the 
30% to 40% cure rate in those having other 
stages of cancer, should convince anyone of 
the value of early detection of the disease and 
of routine breast inspection and examination 
periodically in the danger years between 30 
and 75.—Reichle, R.: Das Mammakarzinom 
in heutiger Sicht, Munschen. M ed. W schr., 
110: 1679, 1968.
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ASYMPTOMATIC CONGENITAL INTRARENAL ARTERIOVENOUS 
FISTULA TREATED BY PARTIAL NEPHRECTOMY*
LIONEL REESE, M.D., F.R.C.S.[C], F.A.C.S. and DAYA JOSHI, M.D., London, Ont.
Congenital, intrarenal arteriovenous fistula 
is a rare clinicopathologic entity. The first 
case described by Varela1 in 1928 was 
based on autopsy findings. Additional cases 
have been reported, especially in the past 
decade probably because of an increased 
awareness of the possibility of this anomaly 
in the kidney and because of the increased 
use of diagnostic angiography. The major­
ity of patients with this lesion have been 
treated by nephrectomy. In recent years a 
major portion of the kidney has been pre­
served through direct surgical attack on 
the fistula or through partial nephrectomy. 
W e wish to report a patient with con­
genital, asymptomatic, intrarenal arterio­
venous fistula treated by partial nephre- 
tomy.
Case Report
M.C., a 19-year-old student nurse, was ad­
mitted to St. Joseph’s Hospital, London, 
Ontario, in 1958 with pneumonia. On this 
examination and on routine medical examina­
tion when she entered nursing school, a bruit 
was heard in the right loin and a spongy mass, 
which moved downwards on sitting, was pal­
pated in the right kidney. She gave no history 
of flank pain, hematuria or hypertension. The 
results of urinalysis and routine blood tests 
were within normal limits.
Intravenous pyelogram (Fig. 1) showed a 
normal, functioning, left kidney, but spreading 
of the middle and lower major calyces of the 
right kidney with a pressure defect suggested 
the presence of a cyst or tumour. The upright 
film showed good drainage bilaterally and 
slight ptosis of the right kidney. An aortogram 
(Fig. 2) was done to confirm the presumptive
Fig. 1.—Intravenous pyelogram shows evidence 
of a space-occupying mass in the lower one-third 
of the right kidney.
“From the Department of Surgery (Urology), Uni­
versity of Western Ontario, and St. Joseph’s Hos­
pital, London, Ont.
Fig. 2.—The renal arteriogram showing a large 
blob of contrast medium in the exact area of the 
space-occupying lesion (Fig. 1) and early venous 
drainage via a large vein.
July 1969 CASE REPORT 327
Fig. 3.—A postoperative intravenous pyelogram 
shows excellent function and drainage of the re­
maining upper two-thirds of the right kidney.
diagnosis of arteriovenous fistula. A large blob 
of the contrast medium in the lower one-half 
of the kidney suggested that there was an 
arteriovenous fistula in this area. Some of this 
blob drained upwards towards the inferior 
vena cava.
The diagnosis—intrarenal arteriovenous fis­
tula—was suggested by the following findings: 
a palpable and audible bruit over the right 
kidney, a space-occupying lesion on intraven­
ous pyelogram and pooling of the contrast 
medium in the right, lower renal parenchyma 
with subsequent drainage towards the inferior 
vena cava.
At operation the kidney was approached 
through a flank incision. Its lower pole was 
pulsating and a thrill was palpable. The renal 
vein was 50% larger than normal and pulsat­
ing. A partial nephrectomy was done to re­
move the fistula and the renal parenchyma 
supplied by those vessels. After applying 
rubber-shod clamps over the renal pedicle, 
the pulsating area was opened in the hope of 
finding the vessels feeding the shunt. Two 
obvious vessels were found, clamped and tied. 
The cystic sac and a portion of renal paren­
chyma around it were excised. After the 
rubber-shod clamps were released, two more 
vessels were found and tied. The nephrotomy 
wound was closed with through-and-through 
stitches. The renal vein pulsation had dis­
appeared and the remaining kidney had excel­
lent colour. After operation, neither blood nor
urine drained from the wound and the patient 
did not have hematuria. On follow-up intra­
venous pyelogram (Fig. 3) the upper major 
and minor calyces of the right kidney showed 
prompt concentration of the medium. The 
patient is in good health 10 years after this 
procedure.
D iscussion
On the basis of etiology, arteriovenous 
fistula of the kidney may b e classified in 
two major groups— congenital and a c­
quired. T he latter form is secondary to 
trauma, percutaneous renal biopsy, neo­
plasm, infection or nephrotom y. O f 51 
cases reported so far, 29 w ere o f the 
congenital form. M illoy et a l.2 suggested 
another classification based on sym ptom a­
tology. They divided these patients into 
three groups: first, those with hem aturia 
but without any hypertension or apparent 
cardiac disease; second, those w ith evi­
dence of heart disease but w ithout hyper­
tension; and third, those w ith heart failure 
and hypertension. Recently, C urrie, Thom as 
and Pinniger,3 W oodruff and Phala- 
kornkule,4 and Crummy, Atkinson and 
C aruthers5 reported three such patients 
who had no symptoms, hence a fourth 
asymptomatic group should b e  added to 
this classification.
T he pathophysiology of intrarenal fistula, 
which is the same w hether the lesion is 
congenital or acquired, should be con­
sidered from two points of view: first, with 
respect to the systemic circulation and, 
second, the circulatory em barrassm ent of 
the renal tissue due to the fistulous com ­
munication.
Holm an and Taylor6 studied th e sys­
tem ic effect of arteriovenous fistulas other 
than those involving the renal vessels and 
showed that the circulatory changes de­
pend upon the magnitude of the shunt 
and its duration. Once the shunt is estab­
lished, the increased venous return to  the 
heart raises the pressure in the right atrium 
and increases cardiac output. T h e ven­
tricular filling tim e is also decreased, thus 
accelerating the pulse rate. These hem o­
dynam ic alterations produce a constant 
strain on the heart, so that patients with a 
long-standing fistula m ay develop high- 
output cardiac failure.
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A peripheral arteriovenous fistula pro­
duces an immediate drop in the systolic 
and diastolic blood pressure because the 
leakage reduces the total peripheral resis­
tance. Eventually the systolic pressure re­
turns to normal or may even rise but the 
diastolic pressure remains low, thus widen­
ing the pulse pressure.
As an added explanation of systolic 
hypertension, Milloy et al.2 proposed that 
the Goldblatt phenomenon might develop 
distal to the fistulous site in the kidney. 
This hypothesis was further supported 
when Maldonado et al.? using radioisotope 
renography, demonstrated that the kidney 
on the fistulous side was ischemic. (This
ischemia was later shown to be due to 
incomplete infarction of the kidney—their 
Case 1.)
Hematuria is seen only in these patients 
when the fistula penetrates the collecting 
system. When this happens, intrarenal 
bleeding may give rise to pain in the flanks.
Intrarenal arteriovenous fistula may be 
symptomatic or asymptomatic.3-5 The major 
manifestations—pain, hematuria, hyperten­
sion and cardiac failure—may be seen 
alone or in combination. Pain is the least 
common of all the symptoms, but hema­
turia, hypertension and cardiac failure are 
encountered with equal frequency (Table 
!)•
TABLE I —Congenital I ntrarenal Arteriovenous F istula
S y m p to m s* D iagnosist
A u th o r P a in




H y p e r­
tension B r u it
In travenous
pyelogram A ngiogram Treatm ent
Varela 19281..................................................... - — + + — — — Fistula found at autopsy
Rieder 1942"................................................... - - + + Unknown Unknown Unknown Nephrectomy
Pearse and MacMillan 194712........................ — + — + — Pressure defect on calyces
— Nephrectomy
Schulze-Bergmann 19541*............................... + + - - - + + Nephrectomy
Slominski-Laws, Kiefer and Vermeulen 195614 — — + — + Distortion of 
renal pelvis
Pooling of 
contrast medium in 
substance of kidney
Nephrectomy
Edsman 19578.................................................. — + — — — Normal + Partialnephrectomy
Bohne and Henderson 195715......................... + + + — + Calcified area Calcified area and pooling of 
contrast medium
Nephrectomy
Jouve e t a l .  195816........................................... - + + — + Pressure on 
calyces
+ Nephrectomy
Hoffman and Fontoura 195817........................ - + - - - Pressure defect - Nephrectomy
Nguyen-Huu, Ngo-Gia-Hy and 
Bui-Mong-Hung 19591*............................... + + + + + + + Nephrectomy
Grace e t a l .  I960’9........................................... — + + + + Filling defect Pooling of contrast medium, early filling 
of inferior vena cava
Nephrectomy
Sauter and Sargent I96020.............................. + — — Calcification Pooling of contrast medium and 
calcification
Nephrectomy
Boijscn and Kohler 196221.............................. + + - - - Occluded lower 
calyx
Pooling of contrast 
medium and filling 
of inferior vena cava
Partial
nephrectomy





Hutch and Chisholm 196223........................... + + - - + Upper pole mass Not done Nephrectomy
Feinberg and Goldberg 196324........................ — — + + + Deformity of pelvis
Pooling of contrast 
medium
Nephrectomy
Currie, Thomas and Pinniger 1964*............... — — — — + No abnormality Early filling of right renal vein and 
inferior vena cava
Nephrectomy
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TABLE I (con tin u ed)
Maldonado et a l. 19647................................. • — — + + + + Pooling of contrast 
medium
Nephrectomy
Waterhouse, Wesolowski and McGowan 
19649............................................................ . + - - - + Filling defect of 
pelvis
+ Repair of fistula
Crummy, Atkinson and Caruthers 19655___ . - - - + + Normal + Nephrectomy
— — — — — Normal Early filling of vein 
and inferior vena cava
No treatment
Wilkey et al. 196525...................................... + + +
at
operation
Normal Pooling of contrast 
medium at lower pole
Nephrectomy
Gold, Latts and Wexler 196526.................... + + + Filling defect 
of pelvis
Pooling of contrast 
medium and early 
filling of inferior 
vena cava
Nephrectomy






Malloy, Lebermau and Murphy 196727____ • — — — + + Deformity of 
calyces
+ Nephrectomy



















* +  =  present; — = absent, 
t  +  =  diagnostic; —  = n ot diagnostic.
The diagnosis of arteriovenous fistula 
should be suspected when a continuous 
bruit is heard over the kidney. An intra­
venous pyelogram gives the impression of 
a space-occupying lesion. An aortogram is 
the most important single procedure to 
confirm the diagnosis and to localize the 
site of the fistula. On angiography, pooling 
of contrast medium in the kidney sub­
stance and premature filling of the renal 
vein and inferior vena cava are highly 
suggestive. The treatment of intrarenal 
arteriovenous fistula is operative. Of the 
previously reported patients with con­
genital fistula 19 out of 29 had total ne­
phrectomy. In 1957 Edsman8 first salvaged 
the kidney by doing a partial nephectomy. 
Waterhouse, Wesolowski and McGowan9 
repaired the fistula with running silk 
sutures and obliterated the sac by over­
sewing with catgut. However, silk im­
bedded in the substance of the kidney may 
act as a foreign body, and ischemic renal 
tissue is left behind, distal to the fistulous 
site, that may cause the Goldblatt phe­
nomenon at a later date. Palmer and Con­
nolly10 excised the fistula using selective 
renal hypothermia: they also left ischemic 
renal tissue behind. In our opinion partial
nephrectomy—excision of the aneurysmal 
sac and fistula with the ischemic renal tis­
sue supplied by it—is the treatment of 
choice wherever possible. This procedure 
preserves the maximum amount of renal 
parenchyma and prevents any complica­
tions resulting from the Goldblatt phe­
nomenon.
Sum m ary
A 19-year-old student nurse had an 
asymptomatic, congenital, intrarenal arte­
riovenous fistula. Of the 51 such cases in 
the medical literature, 29 were congenital. 
An arteriovenous shunt should be sus­
pected in patients who have a wide pulse 
pressure, high-output cardiac failure, sys­
tolic hypertension and continuous bruit 
over the kidney. An intravenous pyelo­
gram suggests the presence of a space- 
occupying lesion. On aortography prompt 
visualization of the renal vein and inferior 
vena cava strongly suggests an intrarenal 
arteriovenous fistula. The treatment of 
choice is partial nephrectomy, excising the 
fistulous sac and renal parenchyma sup­
plied by the shunt. Such excision will pre­
vent complications resulting from the 
Goldblatt phenomenon.
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R e su m e
Nous avons traite par une nephrectomie par- 
tielle un cas de fistule arterioveineuse intrarenale, 
d’origine congenitale et du reste asymptomatique. 
Ces fistules intrarenales peuvent ne donner lieu a 
aucun symptome ou entrainer de Fhematurie, de 
Fhypertension, de l’insuffisance cardiaque et une 
simple douleur, ou une association de ces symp- 
tomes. Le shunt peut se manifester par des 
troubles de l’hemodynamique circulatoire, comme 
un elargissement de la pression du pouls, une ac­
celeration du rythme cardiaque et du debit car­
diaque, de l’hypervolhemie et de l’hypertension, 
aboutissant a une insuffisance cardiaque par debit 
augmente. Divers chercheurs ont avance que 
l’ischemie renale distale a la fistule pourrait pro- 
duire l’hypertension (phenomene de Goldblatt).
Les facteurs conduisant au diagnostic sont un 
bruit continu au-dessus du rein et une image de 
lesion expansive sur le pyelogramme intraveineux. 
On ne peut toutefois poser un diagnostic decisif 
qu’apres angiographie renale. Le traitement ideal 
est la nephrectomie partielle.
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KOMMERELL'S DIVERTICULUM WITH 
ESOPHAGO-ARTERIAL FISTULA*
Case Report
F.C., a 57-year-old retired barber, when first 
seen in 1961 had arteriosclerotic heart disease, 
hypertension and disabling angina pectoris. 
At that time his chest radiograph was normal. 
In 1963  a routine chest film showed an upper 
right mediastinal tumour (Fig. 1). Tomography 
and aortic arch angiography (Fig. 2) were 
interpreted as showing “aneurysmal dilatation 
of the origin and proximal portion of the 
innominate artery as well as the arch and 
descending portion of the aorta with diffuse 
dilatation of the latter, similar to that noted 
in the innominate”. In view of these diffuse 
aneurysmal changes and his severe coronary 
heart disease we were reluctant to recommend 
operative treatment: in any event, the patient 
refused intervention and went home. He was 
seen from time to time and routine chest 
radiographs showed gradual enlargement of 
the lesion.
“From the Department of Surgery, Sub-Depart­
ment of Cardiovascular and Thoracic Surgery, 
Queen’s University, Kingston, Ont.
Fig. 2.—Tomography of the mass interpreted as 
an aneurysmal dilatation of the innominate artery 
and arch of the aorta.
R. B. LYNN, M.D., F.R.C.S.fEng. & Edin.], F.A.C.S., Kingston, Ont.
A lthough anomalous origin of the right 
subclavian artery from the descending 
thoracic aorta has been recognized for 
more than 230 years, aneurysmal dilatation 
of such a vessel is a rarity. Holzapfel1 
mentioned a swelling of the aortic end of 
such an aberrant vessel in his review of 
the anomaly but it was Kommerell2 who 
first described the condition in detail. 
Embryologically “Kommerell’s diverticu­
lum” is a persistence of the distal end of 
the right aortic arch. Stauffer and Pote:i 
described a patient in whom this diagnosis 
was made radiologically but not proved 
anatomically. Shannon,4 however, recog­
nized this anomaly during surgical explor­
ation but when the patient died in her 
doctor’s office three months after excision 
of the aneurysm, could obtain no autopsy. 
Because of the rarity of the anomaly and 
the unique development of an esophago- 
arterial fistula as a complication of a Kom- 
merell’s diverticulum, I felt the following 
case report would be of interest.
Fig. 1.—Routine chest film showing a mediasti­
nal mass in the right upper zone.
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On January 15, 1965 the patient was 
admitted with a 12-hour history of massive, 
upper gastrointestinal hemorrhage; we ob­
tained good evidence that he had vomited at 
least two quarts of blood. Because he was 
in profound shock, he was sent to the re­
covery room immediately, resuscitated and 
taken to the operating room with a diagnosis 
of an innominate artery aneurysm which had 
ruptured into the esophagus. With pump 
support, the chest was opened via a sternal- 
splitting incision. Much to our surprise, we 
found three vessels arising from the aortic 
arch—a right carotid, a left carotid and a left 
subclavian. In the posterior mediastinum, a 
grapefruit-sized aneurysm protruded into the 
right chest from behind the esophagus. It soon 
became apparent that this was a dumb-bell 
aneurysm of an anomalous right subclavian 
artery (Fig. 3). Proximal bleeding was con­
trolled by a coarctation clamp applied to the 
left of the spine and the aneurysm was 
resected. The distal artery was ligated at the 
apex of the chest and the aneurysm removed. 
The aortic end was oversewn and when the 
clamp across its base was released, the suture 
line was blood tight. A 1-cm. hole in the 
posterior wall of the esophagus was repaired 
in two layers. The patient was returned to 
the recovery room while he was receiving his 
thirty-sixth unit of blood. He recovered con­
sciousness but bled uncontrollably from all 
incisions and from his chest tubes. He died 
36 hours after the operation after receiving
a total of 55 units of blood. The hematologists 
and others believed that his death was due 
to complete breakdown of clotting mechanisms 
secondary to the massive “replacement” trans­
fusions. No anatomical source of bleeding was 
found at autopsy.
At autopsy, which was restricted to the 
chest, we found a remnant of a saccular 
aneurysm arising about 2 cm. beyond the origin 
of the left subclavian artery. It extended 
posteriorly and to the right behind the thoracic 
esophagus. The posterior-inferior surface of 
the aneurysm had been resected and the suture 
line was intact. In the mid-portion of the 
esophagus, the small circular opening (1 cm.) 
of the previous esophago-arterial (aneurysmal) 
fistula was found.
D iscussion
The outcome in this case was unfortu­
nate because, even after his aneurysm 
ruptured, the patient probably would have 
survived if replacement transfusion had not 
destroyed his clotting mechanisms. A cor­
rect preoperative diagnosis might have 
been helpful and earlier intervention, which 
the patient refused, would undoubtedly 
have led to a successful elective resection. 
It should be possible to make the correct 
diagnosis in a patient with KommereH’s 
diverticulum by carrying out selective aortic 
arch angiography. This lesion should be 
suspected in any patient with an obscure 
posterior mediastinal tumour, particularly 
if there is pulsation and/or dysphagia. Our 
patient never complained of dysphagia 
which points up the fact that it is seldom 
necessary to divide an aberrant right sub­
clavian artery since, in my experience, 
significant dysphagia with such an aberrant 
subclavian artery is rare. It has been sug­
gested that, when the patient has dysphagia 
lusoria, a Kommerell’s diverticulum is more 
likely to be present than an uncomplicated 
or normally sized aberrant right sub­
clavian artery.3
Summary
Anomalous origin of the right subclavian 
artery from the descending thoracic aorta 
has been recognized for several hundred 
years. However, an aneurysmal dilatation 
of such a vessel, first described by Kom- 
merell, is a rarity. Embryologically this 
anomaly, now called Kommerell’s diver-
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ticulum, is a persistence of the distal end 
of the right aortic arch.
This aneurysmal dilatation is a rare cause 
of a mediastinal mass but in the case 
reported here, such a mass did develop; its 
vascular nature was recognized before 
operation but was misinterpreted. The 
patient died of hemorrhagic complications 
after closure of the aneurysm which had 
ruptured into the thoracic esophagus.
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R e s u m e
On connait depuis des centaines d’annees l’ori- 
gine anormale de l’artere sous-claviere droite a 
partir de l’aorte thoracique descendante. Par 
contre, la dilatation par anevrisme de ce vaisseau, 
que Kommerell a ete le premier a decrire, est une 
rarete clinique. Du point de vue embryologique, 
cette anomalie, qu’on designe maintenant sous le 
nom de diverticule de Kommerell, est en fait la 
persistance de la portion distale de la crosse droite 
de l’aorte.
Cet anevrisme est la cause, rare du reste, d’une 
masse mediastinale, mais dans le cas rapporte ici, 
cette masse se developpe en fait; sa nature vascu- 
laire fut diagnostiquee avant l’operation, mais fut 
mal interpretee. Le patient, barbier age de 57 
ans, mourut au cours de la tentative infructueuse 
de fermer l’anevrisme qui s’etait rupture dans 
l’esopbage thoracique.
ENDOCARDIAL FIBRO SIS: 
ROENTGENOGRAPHIC FINDINGS AND 
D IFFEREN TIA L DIAGNOSIS 
From 1960 to 1967, in 13 of 14 pa­
tients with endocardial fibrosis, heart catheter­
ization, angiocardiography, and kinetocardiog- 
raphy were included in the clinical examina­
tion. No characteristic heart shadow was noted 
on routine chest roentgenogram. The angio­
cardiograms showed enlargement of the left 
ventricle in nine patients which corresponded 
with a dilated ventricular cavity in three and 
with endomyocardial hypertrophy in four. The 
typical globular left ventricle in endocardial 
fibrosis was seen in two patients. Irregular in­
tracavitary contours could be interpreted as 
hypertrophy of the trabeculae or papillary 
muscles or mural thrombi, such as may be pre­
sent in the first stages of the disease.
In half of the patients defects of the aortic 
or mitral valve were noted, without any pre­
ponderance of either. Arteriograms of the cor­
onary arteries showed a single coronary artery 
in one, hypoplastic coronary arteries in three, 
and compensatory dilatation of the right coro­
nary artery in five without associated mitral 
insufficiency in three. The compensatory en­
largement of the right coronary artery in endo­
cardial fibrosis of the left ventricle was 
believed to be due to the increased work load 
of the right side of the heart. A small left 
coronary artery in three patients suggested 
that the increased width of the left ventricular 
wall was caused by thickening of the endo­
cardium or pericardium rather than the myo­
cardium. Kinetocardiograms of the left ventricle 
were unremarkable in 12 patients.
In 10 patients, limited volume changes of 
the left ventricle during the heart cycle, in­
creased end-systolic residual blood volume, in­
creased end-diastolic pressure and pulmonary 
hypertension were observed and were un­
doubtedly signs of impaired left ventricular 
function.
Angiocardiographic findings combined with 
catheterization results, in particular transvalvu- 
lar pressure gradients, were considered of value 
in distinguishing endocardial fibrosis with valv­
ular lesions from primary valvular disease and 
myocardiopathies. Kymograms of the left 
ventricle were an aid in the differential diag­
nosis of this disease with coexistent constrictive 
pericarditis.—Sobbe, A. et a l Die Endokard- 
fibrose, ihre Roentgensymptomatik und Differ- 
entialdiagnose, Fortschr. Roentgenstr., 109: 
411, 1968.
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TRANSECTION OF THE COMMON BILE DUCT AS AN ISOLATED 
INJURY FOLLOWING BLUNT TRAUMA0
ROBERT C. MOFFAT, M.D., F.R.C.S.[C] and 
ROBERT J. LUCAS, M.D., F.A.C.S., Detroit, Mich., U.S.A.
I so la ted  transection of the common bile 
duct following blunt abdominal trauma is 
a rare injury; only 15 cases have previously 
been reported.1’ 2 Dobbie and Stormo1 have 
recently reviewed the literature and de­
scribed the various procedures used in 
reconstructing the biliary tract. In tran­
section following trauma, the common bile 
duct is nearly always ruptured in its supra- 
pancreatic, retroduodenal portion. The pa­
tient described in this paper is only the 
second in whom laparotomy was under­
taken within four hours of the injury. At 
exploration, the only telltale sign was a 
small, bile-stained hematoma in the porta 
hepatis.
C a se  R epo r t
E.B., a 44-year-old white woman, was 
admitted to the emergency room of Detroit 
General (Receiving) Hospital on December 
13, 1967 after an automobile accident. She 
had been thrown against the steering wheel, 
injuring the right upper quadrant of her 
abdomen.
On admission she was alert and complained 
only of a painful jaw and tender epigastrium. 
Radiographs including facial, chest and ab­
dominal films showed the mandibular fracture 
but were not otherwise helpful. Her blood 
pressure which was 110/60 mm. Hg on 
admission, fell to 90/70 mm. Hg during a 
one-hour observation period. Because of the 
persistent epigastric and right, upper quadrant 
tenderness on palpation and rebound tender­
ness, her abdomen was explored. Halothane 
anesthesia was administered via an endo­
tracheal tube. Operative findings were limited 
to the right upper quadrant of the abdomen. 
There was minimal contusion of the body of 
the pancreas and a small, bile-stained hema­
toma in the porta hepatis. The duodenum was 
reflected medially ( the Kocher maneuver) and 
the porta hepatis explored. When the common 
duct was exposed, we saw that it was com­
pletely transected in its retroduodenal portion. 
The distal portion was also identified and
“ From the Department of Surgery, Wayne State 
University School of Medicine, Detroit, Mich.
ligated with a suture. A choledochoduodeno- 
stomy was performed using a rubber T-tube 
to splint the anastomosis, which was fashioned 
with 4-0 interrupted silk sutures and appeared 
to be under no tension. The T-tube was then 
brought out through a separate abdominal 
stab wound and the right upper quadrant was 
drained with a small Penrose drain.
The patient had an uneventful postopera­
tive course. Two weeks later she was returned 
to the operating room for open reduction of 
her mandible. This procedure was also per­
formed under halothane anesthesia. Within 
24 hours of the second operation, she devel­
oped fever and chills. Despite adequate 
amounts of bile drainage from the T-tube, the 
patient became jaundiced. Her total bilirubin 
was in the range of 14 mg./lOO ml. Serum 
enzymes were also elevated—the serum glu­
tamic oxaloacetic transaminase was in the 
range of 600 units/ml. and the lactic dehydro­
genase was approximately 800 units/ml. Two 
T-tube cholangiograms were interpreted as 
negative. There was no evidence of any biliary 
tract obstruction. Biochemical determinations, 
which included the bilirubins and the above- 
noted enzymes, gradually returned to normal 
over a two-week period. She was subsequently 
discharged and her T-tube was withdrawn 12 
weeks after her first operation. At the time of 
writing, one year later, the patient appears 
to be in excellent health. Her liver function 
studies including the enzymes, alkaline phos­
phatase, bilirubins and prothrombin time are 
all within normal limits.
D iscussio n
Although this type of injury is rare, the 
surgeon must be aware of its existence. It 
is of interest that, in only two patients— 
one of whom was our own—was an ex­
ploratory laparotomy performed within 
four hours of admission. Delayed diagnosis 
was a common feature in the 15 cases re­
ported thus far.
The precise mechanism of this partic­
ular injury has not yet been elucidated. 
Mohardt3 suggested that, if one assumes 
that the common duct is filled with bile 
and the sphincter of Oddi is closed at the 
time of the injury, blunt trauma to the
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right upper quadrant could avulse the 
common bile duct from its point of fixation 
in the head of the pancreas. The hepatic 
artery may be saved from such injury 
because it is elastic and runs a tortuous 
course. Furthermore, it is comparatively 
mobile. The portal vein has no valves and 
is somewhat more elastic than the common 
duct.
Several different reconstructive pro­
cedures have been advocated for this type 
of injury. One that achieved a good result 
was a cholecystectomy and a choledocho- 
duodenostomy.4 We did a choledocho- 
duodenostomy using a T-tube to splint the 
anastomosis but did not remove the gall­
bladder because this organ might be 
needed if the patient developed an anasto­
motic stricture or leak. Indeed, one other 
patient in whom a choledochoduodeno- 
stomy was done® required a second bypass 
procedure five weeks after her first opera­
tion because of an anastomotic leak. We 
believe that, although the gallbladder does 
not function under these conditions and 
may become diseased, it should be pre­
served in case the common-duct anasto­
mosis subsequently becomes strictured or 
leaks. Some surgeons have done successful 
direct ductal anastomoses. We believe that 
it is technically easier and safer to do a 
choledochoduodenostomy.
Finally, in our opinion, the jaundice 
that this patient developed 24 hours after 
her second operation was not related to 
the common-duct injury or our subsequent 
repair. There is no laboratory evidence 
that favours obstruction and the T-tube 
drained freely throughout the course of 
her jaundice. Also two T-tube cholangio- 
grams were within normal limits. We 
believe that this jaundice was related to
the anesthetic agent, halothane, which was 
administered on two occasions only two 
weeks apart.
S u m m a r y
A 44-year-old woman suffered a trau­
matic transection of the common bile duct 
as an isolated injury following blunt ab­
dominal trauma. This injury was success­
fully treated by choledochoduodenostomy. 
The anastomosis was splinted for 12 weeks 
by a T-tube inserted into the common duct 
from above. One year after operation, the 
patient is apparently well and biochemical 
tests of liver function are normal.
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Re s u m e
Une femme de 44 ans a presente, comme le­
sion isolee, une section transversale du chole- 
doque, apres un traumatisme abdominal par 
ecrasement. Cette lesion a ete reparee avec succes 
par une choledochoduodenostomie. Nous avons 
pratique un “pontage” de l’anastomose pendant 
12 semaines, au moyen d’un tube en T introduit 
dans le choledoque par voie distale. Un an apres 
cette intervention, la malade se porte bien et les 
epreuves biochimiques de la fonction hepatique 
sont nonnales.
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E X P E R I M E N T A L  S U R G E R Y
EFFECTS OF TORSION ON THE INTERVERTEBRAL JOINTS0
H. F . FARFAN, B.Sc., M.D., C.M., F.R .C.S.JC], Montreal, Que.
I t  is now accepted that low back pain, 
in large measure, is due to pathologic 
changes in the lumbar intervertebral discs. 
The original explanation for disc degenera­
tion, that of Schmorl, cited by Beadle, 1 
was that it resulted from mechanical injury, 
specifically, that compression of an incom­
pressible nucleus pulposus caused the 
latter to bulge, resulting ultimately in 
rupture of the annulus and/or the end 
plates of the vertebral body.
However, attempts to reproduce these 
phenomena in vertebral segments have 
never supported this hypothesis. In com­
pression tests, the vertebral body always 
collapses before the disc is damaged to any 
significant degree.2 ' 5 Even if the isolated 
intervertebral disc is tested alone, com­
pression does not dislocate the nucleus and 
whatever changes occur do not resemble 
those seen in disc disease.3
Other theories proposed to explain disc 
degeneration are based on biochemical 
changes, 6 ' 8 autoimmunity9 , 10 and vascular 
accident. These, however, have been ad­
vanced mainly as predisposing factors 
which make the disc more susceptible to 
mechanical trauma.
During a clinical study of disc disease, 
we noted that individuals who had abnor­
mally oriented, posterior, intervertebral 
facet joints in the lower lumbar spine, often 
had disc disease at that level. 11 In trying 
to determine the significance of this ab­
normal facet orientation, we postulated 
that the facet joints are normally oriented 
so as to protect the intervertebral disc 
against excessive torsion (twisting force).
To test this hypothesis, we devised a 
machine that would subject an intact inter­
vertebral joint to a measurable amount of 
torsion (torque).
In our first experiment, we determined 
the torque required to disrupt the inter-
“ From the Department of Orthopedics, St. Mary s 
Memorial Hospital, Montreal, Que.
Supported by Medical Research Council Grant 
MA-2125.
vertebral joint (torque strength), with and 
without its posterior facet joints. We mea­
sured the torque strength first to determine 
whether the posterior facet joints protected 
the intervertebral joints against torsion 
strain. Having established that the pos­
terior facet joints did protect the interver­
tebral joints, we then investigated the effect 
of simulated body weight on resistance to 
torsion because, in the upright posture, 
the lower lumbar intervertebral joints sup­
port one-half of the body weight.
Therefore, in a second series of ex­
periments, we determined the torque
Fig. 1.—Typical specimen (FKS-67). The arrow 
points to the L 4-5 disc. Note the intact posterior 
elements.
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strength of the intervertebral joints (with 
and without facet joints) under a compres­
sion load calculated to be equivalent to 
one-half of the body weight in each in­
stance.
Material and M ethods
The specimens used in these experiments 
were spine segments (L1-S2), removed 
from fresh human cadavers, carefully pre­
serving all ligamentous components (Fig. 
1). They were stored in a refrigerator at 
4° C. until tested.
Specimens that showed radiographic evi­
dence of bone pathology were discarded. 
The health of the discs was determined 
by a discographic technique. Thin barium 
paste was injected into each disc nucleus. 
The volume of the mixture accepted by 
each disc was recorded and those discs 
accepting more than 1.0 ml. were con­
sidered to be abnormal12 and were not 
used in the experiments.
Anteroposterior and lateral radiographs 
were then made of each whole specimen 
(Fig. 2) and discs showing a ruptured 
annulus or a fractured vertebral body end 
plate were discarded. From a total of 65 
whole spine specimens only 39 discs were 
found to be suitable for the experiments.
The specimen (S ) is firmly mounted in
Fig. 2.—Lateral and anteroposterior radiographs 
of specimen FKS-60. Discograms show disc rup­
tures at L2-3, L4-5, and L5-S1. The L l-2  and 
L3-4 discs appear to be normal.
the specimen holding cups (SH C) with 
plaster-of-paris bandage strips. Bone is left 
exposed on both sides of the test disc 
(Fig. 3) to ensure that torque is applied 
to the disc through its adjacent vertebrae
Fig. 3.—The mounted specimen. The whole specimen is mounted in holding cups (SHC). The 
arrows point to the limits of the disc. Note the exposed portion of the vertebral bodies on either side.
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Fig. 4.—Diagram of the torsion machine. The 
specimen (S) is mounted in the specimen holding 
cups (SHC). Torsional deflection is applied to the 
specimen by a mechanical machine (mechanical re­
ducer and drive) through the head mount (HM). 
The torque is transmitted to the immovable base 
mount (BM) to which electrical strain gauges 
(SG) are attached. The output of the strain gauges 
is amplified and recorded. The head mount and its 
machinery are free to move on base rails, and the 
head mount may be forced against the base mount 
by a system of weights and pulleys not shown in 
the diagram.
and that, of the whole specimen, only this 
single disc is submitted to torque. The 
specimen mounted in the holding cups is 
then fixed in the machine (Fig. 4). With 
one end of the specimen fixed in the base 
mount (BM ), the other end is twisted 
mechanically at the head mount (HM). 
The torque produced in this manner is 
transmitted through the specimen to the 
base mount where it produces a strain. 
This strain is detected, amplified and re­
corded by means of electrical strain gauges 
attached to the base mount.
The strain gauges are calibrated by 
applying known torques directly to the 
base mount. Known torques are produced 
by attaching a lever to the base mount and 
suspending a known weight at a fixed 
distance from its axis of rotation. For 
example, 10 pounds at 10 inches would 
produce a torque of 100 inch-pounds. The 
angle through which the specimen is 
twisted at the head mount is applied at 
a constant rate (1.5° deflection at 0.5- 
minute intervals) and is also recorded.
By these procedures we could determine 
the point at which the intervertebral joints 
failed. They failed when there was no fur­
ther increase of torque with an increase of 
applied deflection. Maximum torque read­
ings were obtained at this point giving the 
torque strength of the specimen (T max).
E x p e r im e n t a l  M odels
Two types of experimental models were 
used: (1) The intact intervertebral prep­
aration. The specimen was cleared of all 
muscular attachments. The interspinous 
and intertransverse ligaments, and the 
ligamentum flavum and capsules of the 
facet joints, were carefully preserved. (2) 
The isolated disc preparation. A saw cut 
was made transversely through the pos­
terior elements of the intervertebral joint, 
removing all bony and ligamentous con­
nections between the neural arches. Only 
the disc and the anterior and posterior 
longitudinal ligaments of the spine were 
preserved. These two ligaments are integral 
components of the disc.
E x p e r im e n t s
The torque strengths (Tmax) of the experi­
mental models were determined. Eight 
intact intervertebral joints with healthy 
discs and nine isolated healthy discs were 
tested in the first experiment.
In the second experiment, the models 
were simultaneously subjected to torque 
and compression and their torque strengths 
determined. Six intact intervertebral joints 
were tested under a compression of 20 
pounds per square inch (psi) and five 
with a compression of 30 psi. Five isolated 
disc preparations were tested under a com­
pression of 20 psi, and six with a compres­
sion of 30 psi. The cross-sectional area of 
each disc was calculated using the for­
mula for an ellipse ( -f- B.D, where B 
is the transverse and D is the anteropos­
terior diameter of the disc). This was 
done to determine the relationship between 
disc size and torque strength.
R esu lt s o f  M ech a n ica l  T ests
The results of the mechanical tests are 
summarized in Table I. The torque strength 





July 1969 EXPERIMENTAL SURGERY 339
TABLE I.— Torque Strengths of Intervertebral Joints and 
Isolated Discs, W ith and W ithout Compression
T y p e  o f N u m b e r  o f A r e a  i n *
s p e c im e n s p e c im e n s in c h 2 (in c h -p o u n d s ) T m a x / A r e a .*
Intact intervertebral
joint...................... 8 2 .9 -4 .1 600 - 1090 180 -300
(3.6) (745) (210)








30 psi.................... 6 2 .4 -3 .3 230 - 550 70 - 170
(2.3) (350) (120)
Intact intervertebral
joint with 20 psi.. 6 3.1 -3 .6 750 - 1400 180 - 400
(3.4) (940) (280)
Intact intervertebral
joint with 30 psi.. 5 3 .2 -4 .3 720 - 1300 230 - 350
(4.2) (1020) (290)
♦Figures in brackets are averages.
sistently higher (30% ) than the torque 
strength of the disc alone. Compression 
equivalent to one-half the body weight, 
when applied to an isolated disc, had no 
appreciable effect on its torque strength. 
However, when the same compression load 
was applied to the intact joint, there was 
a considerable increase in the torque 
strength; the joint was twice as strong as 
the disc alone.
A record for an isolated healthy disc is 
shown in Fig. 5. The torque deflection
Fig. 5.—A torque/deflection curve for a typical, 
healthy, isolated disc.
curve is typically S-shaped and resembles 
compression/deflection curves reported by 
other authors.3'4 In the first phase of this 
curve (0° to 3°), there is little increase of 
torque with increase of applied deflection. 
The curve then rises in a straight line and, 
finally at Tmax, it flattens out (9° to 14°) 
and there is no increase of torque with 
further increase of deflection.
The Tmax for each specimen was directly 
proportional to the cross-sectional area of 
the disc; that is, the torque strength per 
unit area was constant. The larger the disc, 
the greater was its torque strength.
Analysis of results showed no statistically 
significant difference per unit area in the 
torque strength of discs of men and women 
(24 men, 15 women). There was no cor­
relation between torque strength and age 
(range 35 to 84, average 61 years), in 
contrast to what is known for bone.18
Gross Features of the E xperimentally
Ruptured D isc
The discs became distorted during the 
test procedure. The distortion was ob­
served throughout the disc circumference, 
but was consistently most obvious at its 
posterolateral angles. The distortion was 
confirmed on examination of transverse 
sections of the artificially ruptured discs 
(Fig. 6, L4-5). These transverse sections 
showed extensive annular injuries which 
were circumferential and located in the 
superficial layers of the discs. The deeper 
layers of the annulus seemed hardly 
affected and, near the nucleus, there ap­
peared to be no injury. In all specimens 
tested, the injected nucleus retained its 
normal central location. The injected ma­
terial did not spread into the torn annulus. 
Throughout the procedure, tissue fluid was 
expressed from the discs.
The capsules of the facet joints were 
stretched and sometimes torn. The inter- 
spinous ligaments were also stretched and 
sometimes were detached from the spinous 
processes.
D iscussion
This study has demonstrated that the 
intervertebral discs can be ruptured by 
torsion alone, without evidence of injury 
to the vertebral bone. Other investigators2'5
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Fig. 6.—Transverse cross-sections of discs L3-4 
and L4-5 of specimen FKS-62. The L3-4 disc 
shows typical disc degeneration; the contrast 
material has spread out into the periphery of the 
annulus. The L4-5 disc was ruptured in the tor­
sion machine. The injected contrast medium re­
mains central at N and does not get into the peri­
pheral annulus, which is torn circumferentially at 
CT. The superficial annulus is distorted at A and 
PL. At PL, the intervertebral foramina is almost 
obliterated by the distorted annulus.
studying the behaviour of the disc sub­
jected to compression, have been unable 
to produce serious injury to the disc with­
out simultaneously severely damaging its 
adjacent vertebrae.
The relatively small twisting force re­
quired to injure the intervertebral joint 
probably occurs in everyday life; for ex­
ample, using the flexed thigh as a lever 
to manipulate the spine, a manipulator 
could easily attain 1000 inch-pounds of 
torque by applying a 50-pound force to 
a femur 20 inches long. In this way, he 
could easily damage the intervertebral 
joint.
The torque strength of the isolated disc 
was not appreciably changed by compres­
sion. On the other hand, compression of 
the intact joint by the equivalent of one- 
half the body weight increased its ability 
to withstand torsion by almost 50%. This 
increased resistance to torsion may be due 
to the fact that, with compression, the 
facet joints are forced into closer appo­
sition, effectively locking their assembly.
The facet joints probably provide the 
disc’s chief protection against torsion be­
cause the interspinous and interlaminar 
ligaments become lax and afford less sup­
port when the vertebrae are forced closer 
together.
We have previously reported that there 
seems to be a significant correlation be­
tween asymmetry of the posterior vertebral 
facet joints and clinical disc disease.11 
Malalignment of these facets probably re­
duces the protection available to the inter­
vertebral joint when it is subjected to 
torsion.
The first and second lumbar posterior 
vertebral facets have a vertical orientation 
and may be assumed to bear no appreci­
able weight in the upright position.2, 14 
Their function may be principally one of 
preventing torsional strain on the discs. At 
these levels the incidence of both asym­
metry13 and disc disease is low.1
As one descends the lumbar spine, the 
posterior facets assume a more oblique 
orientation facing upwards, inwards and 
backwards. Because of this change of 
orientation they are able to bear a portion 
of the body weight (compression) in the 
upright posture and withstand the shear­
ing force imposed by normal lordosis. 
However, by assuming this position they 
sacrifice the optimal orientation for resist­
ing torsion. Thus, the increased obliquity 
of the lower lumbar facet joints15 may ex­
plain the increased incidence of degenera­
tive changes in the discs at these levels.
There was a close resemblance between 
the experimentally produced disc ruptures 
and those that occur naturally in the 
course of disc degeneration. If one com­
pares the natural process (Fig. 6, L3-4) 
with the artificial (Fig. 6, L4-5), one is 
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the disc occurs in response to repeated 
torsional strain.
In an intervertebral joint with asym­
metric facets, dangerous torsional strains 
may develop more easily on the side with 
the more oblique facets. The disc at this 
level would be at a disadvantage and 
would predictably be predisposed to early 
disc degeneration.
S u m m a r y
Mechanical tests were performed on 
segments of fresh cadaver lumbar spine. 
The torsional strengths of intact interverte­
bral joints were 600 to 1090 inch-pounds 
(force of this magnitude did not injure 
vertebral bone). It was demonstrated that 
the posterior facet joints protected the 
discs from torsional stress (the torsional 
resistance of isolated discs was much lower 
than that of discs with intact posterior 
facet joints). During the testing, circum­
ferential tears appeared in the annulus, 
similar to those that occur naturally.
The normal change in orientation of the 
lumbar facet joints seen as one descends 
the spine makes these lower joints less 
efficient in protecting against torsional 
strain and probably renders them more 
susceptible to disc degeneration and clini­
cal disc protrusion.
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Re su m e
Nous avons etudie par des experiences meca- 
niques pratiquees sur la colonne vertebrale de 39 
cadavres, les effets de la torsion mecanique sur le 
disque intervertebral. Celui-ci est tres sensible a 
ce genre de lesion, mais il a fallu pour cela faire 
agir un couple de torsion d’environ 1000 pouce- 
livres.
Les lesions constatees dans les disques apres ce 
type de traumatisme ressemblaient a de nombreux 
egards aux modifications qui sont caracteristiques 
de la degenerescence discale.
Les surfaces articulaires des articulations inter- 
vertebrales contribuent largement a la resistance 
a la torsion; par ailleurs, cette resistance est 
encore augmentee par la compression.
Une orientation anormale de ces surfaces articu­
laires peut favoriser les effets normaux de la tor­
sion sur le disque et produire ainsi une degene­
rescence discale.
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DERMAL COLLAGEN RESPONSE TO EXPERIMENTAL THERMAL 
INJURY IN NORMAL AND IN STEROID HORMONE-TREATED RATS"
K. KOWALEWSKI, Ph.D., M.D. and S. YONG, M.Sc., Edmonton, Alta.
C la ssic a l  manuals of surgery describe 
local and general reaction to thermal 
trauma in detail. Most experimental studies 
of bums are concerned with histological 
lesions or effects of thermal injury on 
water, electrolytes and protein metabo­
lism.1'8 These effects depend, evidently, 
upon the extent and depth of burns and, 
particularly, upon the damage of skin 
protein by the denaturation. Such dena- 
turation affects particularly the skin col­
lagen.
Collagen, the most abundant protein of 
the skin, is the only one that contains 
hydroxyproline in significant amounts. Be­
cause of this virtually unique distribution, 
hydroxyproline is accepted as an index of 
collagen. Ribosomal synthesis of skin col­
lagen occurs in the fibroblasts. Collagen 
hydroxyproline is derived from proline 
hydroxylated during the biosynthesis of 
tropocollagen molecules. These molecules 
pass into the extracellular space and col­
lagen fibrils are built up outside the cells.9 
The diameter of the fibrils increases pro­
gressively by further aggregation of pri­
mary collagen units; the older fibres, there­
fore, have a larger diameter than those 
newly formed.10 Fractionation of tissue 
collagen according to the fibres’ solubility 
may give valuable information concerning 
synthesis, maturation and breakdown of 
collagen. The solubility of collagen fibres 
appears to depend upon their age. Col­
lagen that is soluble in a weak sodium 
chloride solution contains the most recently 
synthesized fibres. Collagen that can be 
extracted with stronger saline or acid 
solutions represents the later stages of 
fibre synthesis. Still older fibres are con­
sidered insoluble. The relationship between 
collagen solubility and age of fibres was 
reviewed by Laitinen9 who concluded that 
the neutral salt soluble collagen can be 
used as an index of collagen synthesis. 
Following his concept9 we shall call “solu­
ble collagen” that fraction which is ex-
<>From the Surgical-Medical Research Institute, 
University of Alberta, Edmonton, Alta.
traded with 0.45 M N a d  and consider it 
to be “young” collagen.
We believe that the experimental der­
mal wound provides an ideal, reproducible, 
in vivo system for collagen studies. During 
the regenerative phase of wound healing, 
fibroblasts proliferate rapidly after which 
collagen is synthesized. Collagen metabo­
lism in dermal wounds has been analyzed 
previously using modern biochemical pro­
cedures.1015
Few workers have studied the changes 
in dermal collagen in thermal injury. Total 
hydroxyproline was reduced in chronically 
sun-damaged human skin sampled by bi­
opsies.16 Urinary hydroxyproline was ele­
vated in patients with burns17, 18—an in­
crease considered to be due to the break­
down of dermal collagen. Because urinary 
hydroxyproline is a specific measure of 
collagen breakdown, this increase reflects 
the proteolysis of irreversibly denaturated 
skin collagen.17,18
The present experiment was concerned 
with the changes in dermal hydroxyproline 
in rats after thermal skin injury. Because 
we found previously that some steroid 
hormones affected dermal collagen,19'21 we 
also studied the effect of certain antiana­
bolic and anabolic steroids on the hydro­
xyproline content in healing thermal 
wounds of rats’ skin.
M ethods
Female Sprague-Dawley rats, housed 
individually, were fed as desired with a 
Purina laboratory diet containing 3.8 g. of 
total nitrogen in 100 g. of dry weight. Basic 
food consumption averaged 4.5 g./100 g. 
body weight each 24 hours.
Thermal Injury
All rats were burned under light ether 
anesthesia. A 100-g. brass scale weight (a 
cylinder with a 2.5-cm. diameter) was kept 
in boiling, distilled water for five minutes. 
It was then placed, with the full weight 
of 100 g., against the carefully shaven skin 
at the left side of the rat’s back, 0.5 cm.
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from the spine, in the centre of the body. 
This source of heat was applied twice at 
the same place, each time for 60 seconds, 
using a freshly heated cylinder. Several 
cylinders were available. The second burn­
ing immediately followed the first one. 
Under these conditions, we believe that 
the base of the cylinder produced a con­
stant caloric output at a given time so that 
all rats were burned identically.
We found previously that a rat weighing 
170 g. has a skin surface of about 217 sq. 
cm. In a rat of this weight the skin surface 
area burned by the method described 
above is about 3%. It may be assumed, 
therefore, that, in experimental rats with 
an initial average body weight of 171 g., 
about 3%  of the skin surface was damaged 
by deep thermal injury.
T reatment
Burned rats were divided into four 
groups and treated, beginning on the day 
of injury (day 0), as follows:
Group (a).—No steroid treatment: con­
trols.
Group (b).—Injected with cortisone ace­
tate (Cortone) intramuscularly, 5 mg./kg. 
body weight, on days 0, 3, 6, 9, 12, 15, 18, 
21, 24 and 27.
Group (c).—Injected with 17-/?-hydroxy- 
17a-methylandrostano [3, 2-c] pyrazole 
(Winstrol) a depot preparation,21 15 mg./ 
kg. body weight, intramuscularly, on days
0, 5, 10, 15, 20 and 25; and with Cortone as 
in Group (b).
Group (d).—Injected with Winstrol alone, 
same dose and timing as in Group (c).
Treatment lasted for the duration of the 
experiment and ended only when rats in 
the various groups were killed.
Sampling for Biochemistry
Rats were sacrificed, by groups of 8 to 
10, on days 1, 3, 6, 12, 18, 24 and 30 fol­
lowing thermal injury.
Tissue was sampled immediately after 
the rats were killed. The total circle of 
burned skin (epidermis and dermis) was 
dissected, cleaned of fat, loose connective 
tissue and hair. A control skin flap from 
the intact, contralateral part of the back 
was also dissected; the positions of the 
wounds and control skin flaps were identi­
cal in all rats.
In this study we applied the same frac­
tionation procedure to determine the sol­
uble collagen9 in both wound and intact 
skin. Sodium chloride 0.45 M was used as 
the extraction medium.9 Both total and 
0.45 M NaCl extractable hydroxyproline 
were expressed in //,molc/g. of tissue.
Histology
In some of the untreated rats only histo­
logical study of burned skin was done. 
These rats were sacrificed, by groups of 
three, on days 1, 3, 6, 12, 18, 30 and 36.
T A B L E  I .— B o d y  W e ig h t s  o f  R a t s  U s e d  fo r  t h e  S t u d y  o f  H y d r o x y p r o l in e ,  N u m b e r  o f  R a t s  in  P a r e n t h e s e s . M e a n s
and S ta n d a r d  D e v ia t io n
D ay a fter  therm al injury
Group Treatment 0 1 3 6 12 18 H 30
Stock rats N one..................................... 171 .5* 1 6 9 .7 t __ __ _ _ 2 1 3 .9 1
± 7 . 5 ± 4 . 2 ± 1 2 . 0
(a) N one......................................
(325) (10) (10)
169.3 167 .4 171 .4 1 7 5 .7 179 .8 184 .4 2 01 .3 2 2 0 .0
± 5 . 1 ± 2 . 7 ± 7 . 0 ± 1 0 . 4 ± 1 2 . 8 ± 9 . 8 ± 8 . 7 ± 9 . 7
(b)
(90)J (101 (10) (10) (10) (10) (8) (9)
Cortisone........................... 175.1 178.0 182.3 2 0 0 .5 2 0 5 .0 2 1 1 .0 2 1 4 .0 2 2 4 .2
± 6 . 1 ± 4 . 6 ± 6 . 0 ± 6 . 5 ± 9 . 2 ±11 .6 ± 1 3 . 4 ± 7 . 0
(c)
(70) (10) (10) (10) (10) (10) (10) (10)
Cortisone and Winstrol^f 175 .2 174 .5 176 .7 1 9 9 .5 2 1 0 .0 2 3 2 .0 2 4 1 .6 2 6 3 .4
± 5 . 2 ± 6 . 5 ± 4 . 7 ± 7 . 2 ± 1 8 . 4 ± 1 7 . 6 ± 2 2 . 1 ± 2 1 . 1
(d)
(70) (10) (10) (10) (10) (10) (10) (10)
Winstrol............................... 170 .4 167.7 174.4 188.1 195 .4 186 .7 2 3 7 .0 2 4 6 . 6
± 1 . 0 ± 2 . 8 ± 6 . 0 ± 6 . 6 ± 1 2 . 8 ± 1 0 . 4 ± 1 6 . 4 ± 1 6 . 8
(70) (10) (9) (10) (10) (10) (9) (9)
P values. . . < 0 .0 1 < 0  01 < 0 . 0 1 < 0 . 0 1 < 0 . 0 1 < 0 .0 1 < 0 . 0 1
(a) vs (b) (a) vs (b) (a) vs (b) (a) vs (b) (a) vs (b) (a) vs (b) (a) vs (c)
and (c) and (c) and (c) (c) and (d) and (d)
< 0  05 < 0 . 0 5
(a) vs (d) (a) vs (d)
•Stock rats at the day of injury.
fNormal rats, from the stock having no thermal injury. 
J21 rats used for histology.
If 17/S-hydroxy-17a-methylandrostano [3, 2-c] pyrazole.
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TABLE II.— W a t e r  C o n te n t  ( % )  in  B u r n e d  Sk in  an d  C o n t r o l  I n ta c t  Sk in  of R ats  W it h  T h erm al  
I n j u r y . N u m ber  of R ats in  P a r e n t h e s e s . M e a n s  and  St a n d a r d  D e v ia tio n
Time after thermal injury
Skin used 10 minutes 1 hour 6 hours 24 hours P value
Normal skin............................  63.3 61.0 63.2 62.9 NS
± 2 .7  ± 1 .0  ± 2 .4  ±4 .4
(5) (5) (5) (5)
Burned skin .................  65.5 60.8 64.9 61.6 10 minutes vs 1 hour <0.05
± 2 .9  ± 2 .8  ± 3 .5  ±14.9
(5) (5) (5) (5)
P values................................... NS* NS NS NS
*NS = >0.05.
This part of the study was done to obtain 
information on anatomical alterations of 
the skin produced by our method of ther­
mal injury. W e prepared routine paralfin 
sections of the entire thickness of burned 
skin with 5 mm. of adjacent, intact skin. 
For general morphology hematoxylin and 
eosin stain was used and for acid muco­
polysaccharides, components of ground 
substance, alcian blue stain was used.22
R e s u l t s
Body Weights and Water Content of
Wound
As Table I shows the initial body weight 
of 325 rats at “time 0” was 171.5 ±  7.5 g. 
These rats, except for 20 uninjured con­
trols, were subjected to thermal injury. The 
histological study was done only in un­
treated rats with burns. The remaining rats
were divided into Groups (a) , (b) , (c )  
and (d).
Table I shows the significance of differ­
ences between these groups before and 
during the 30-day treatment period.
The water content in the wound and 
normal skin of injured rats at the early 
stage of burn shows that, in the early stage 
of thermal injury, there was only slight 
water loss (Table II).
T otal Hydroxy proline
Table III shows that both injury and 
treatment affected the total hydroxyproline 
of intact skin in burned rats. Comparison 
of the data in this table with that in 
Table IV shows that, in the intact and 
burned skin of control rats, total hydro­
xyproline decreases soon after injury but 
increases again on the sixth and twelfth
TABLE III.— T otal  H y d r o xypr o lin e  (,im ole /g .) of I ntact  Skin  in  R ats W ith  T herm al  In ju r y . N u m ber  of R ats 
in  Pa r e n t h e se s . M ean s  and  Stan dard  D eviation
Group Treatment
Day after thermal injury





































































































..........  <0.01 NS <0.01 <0.01 <0.01 <0.05 <0.01
(a) vs (b) (b) vs (c) (d) vs (a) (c) vs (a) (a) vs (c)
and (d) and (d) and (d) (b) and (c) and (d)
<0.01 <0.05 <0.05 <0.05 <0.05
(d) vs (b) (a) vs (c) (a) vs (c) (b) vs (c) (a) vs (b)
and (c)
No thermal injury.
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TABLE IV .—T otal H ydroxyproline (/miole/g.) of Burned Sk in . N umber of R ats in Parentheses. M eans a n d  Standard
D eviation
Group Treatment
Day after thermal injury
1 3 6 12 18 n 30
(a) None.................................... ....... 180.4 129.2 218.2 216.7 72.4 147.1 142.2
±18.7 ±29.5 ±98.0 ±64.6 ±12.0 ±17.1 ±45.1
(b)
(10) (9) (7) (10) (10) (8) (9)
Cortisone.............................. ....... 145.2 168.3 69.8 70.8 95.9 134.0 148.2
±9.4 ±42.4 ±16.9 ±19.4 ±19.0 ±29.4 ±22.5
(c)
(10) (7) (9) (10) (10) (10) (10)
Cortisone and Winstrol......... ....... 139.8 178.7 149.9 85.7 89.6 124.9 134.8
±24.3 ±14.2 ±43.9 ±30.2 ±9.4 ±16.9 ±22.4
(d) Winstrol...............................
(9) (6) (9) (10) (10) (10) (10)
......  199.9 205.4 208.3 247.1 94.9 141.1 145.1
±46.5 ±18.9 ±19.7 ±40.4 ±13.9 ±31.5 ±53.3
(10) (7) (7) (6) (8) (9) (8)
P values. . ....... <0.01 <0.01 <0.01 <0.01 <0.05 <0.05 NS
(a) vs (b) (a) vs (b) (a) vs (b) (a) vs (b) (a) vs (b) (a) vs (c)
and (c) (c) and (d) and (c) (c) and (d) and (dj
<0.01 <0.01 <0.01 <0.01
(d) vs (b) (d) vs (b) (b) vs (c) (d) vs (b)
and (c) and (c) and (d) and (e)
<0.01
(c) vs (d)
TABLE V.—0.45 M NaCl E xtractable H ydroxyproline (umole/g.) of I ntact Sk in  in  Rats W ith T hermal I njury . N umber 
of R ats in Parentheses. M eans and Standard D eviation
Day after thermal injury
Group Treatment 1 3 6 12 18 30




None............................................. 27.6 26.7 24.2 24.5 21.2 16.8 12.8
±4.3 ±5.7 ±4.7 ±3.8 ±2.3 ±1.9 ±3.6
(b) Cortisone............................
(9) (10) (9) (9) (10) (8) (9)
.......... 18.9 11.6 11.2 14.2 10.7 16.8 14.8
±5.4 ±2.4 ±3.4 ±2.3 ±2.3 ±3.3 ±3.7
<c)
(10) (10) (9) (10) (10) (10) (9)
Cortisone and Winstrol.................  25.4 13.7 10.9 13.6 18.4 12.5 15.8
±4.9 ±2.9 ±4.7 ±1 .8 ±3.0 ±2.6 ±3.5
(d) Winstrol..............................
(9) (10) (10) (10) (10) (10) (10)
28.1 22.1 21 .6 39.6 25.9 15.7 17.9
±2.8 ±4.7 ±6.4 ±4.2 ±3.9 ±2.0 ±2.7
(10) (9) (10) (10) (10) (9) (9)
P values . . ........  <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
(b) vs (a) (a) vs (b) (a) vs (b) (a) vs (b) (a) vs (b) (c) vs (a) (a) vs (d)
and (d) and (c) and (c) (c) and (d) (c) and (d) and (b)
<0.01 <0.01 <0.01 <0.01 <0.05 <0.05
(d) vs (b) (d) vs (b) (d) vs (b) (b) vs (c) (c) vs (d) (a) vs (c)
and (c) and (c) and (c)
<0.01 
(d) vs (b) 
and (c)
*No thermal injury.
TABLE VI.—0.45 M NaCl Extractable Hydroxyproline Gimole/g.) of Burned Skin . Number of R ats in  Parentheses.
M eans and Standard D eviation
Day after thermal injury
Group Treatment 1 3 6 12 18 2J, 30
(a) None.................................... ......  36.9 30.9 39.5 26.0 7.5 11.0 12.6
±9.4 ±2.4 ±12.5 ±4.4 ±1 .4 ±2.2 ±3.1
(b) Cortisone..............................
(9) (10) (9) (10) (10) (8) (9)
....... 34.8 33.2 14.7 6.9 7.3 9.9 11 .4
±9.1 ±3.7 ±2.9 ±4.0 ±2.3 ±2.1 ±2.2
Cortisone and Winstrol.........
(10) (10) (8) (9) (10) (8) (10)
(c) ......  25.5 32.8 41.6 9.4 12.1 6.9 8.5
±8.5 ±12.6 ±24.6 ±2.9 ±2.7 ±1.3 ±2.6
(d) Winstrol...............................
(9) (7) (8) (10) (9) (10) (9)
......  26.8 43.9 59.6 59.1 13.8 13.4 12.8
±3.0 ±16.8 ±13 1 ±10.3 ±3.7 ±4.3 ±3.2
(10) (10) (10) (10) (9) (9) (10)
P values.. NS <0.01 <0.01 <0.01 <0.05 <0.05
(b) vs (a) (a) vs (b) (d) vs (a) (a) vs (c) (a) vs (c)
(c) and (d) (c) and (d) and (b)
<0.05 <0.01 <0.05 <0.01 <0.05
(a) vs (d) (d) vs (b) (c) vs (a) (c) vs (d) (c) vs (d)
and (c) and (b)
<0.05 
(b) vs (d)
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TABLE V I I .— S o l u b l e  H y d r o x y p r o l i n e  E x p r e s s e d  a s  a  P e r c e n t a g e  o f  T o t a l  H y d r o x y p r o l i n e . C a l c u l a t e d  F rom  I n ­
d i v id u a l  D a t a  S u m m a r iz e d  in  T a b l e s  III a n d  V .  I n t a c t  S k in  o f  I n j u r e d  R a t s . M e a n s  a n d  S t a n d a r d  D e v ia t io n
D a y  a fter  therm al in ju r y
G rou p T rea tm en t 1 3 6 12 18 *4 80
(a) N o n e ....................................................... ..........  1 5 . 5 1 5 . 2 1 1 . 8 1 4 .8 1 3 . 6 9 . 5 5 . 9
± 2 . 8 ± 5 . 2 ± 2 . 3 ± 4 . 6 ± 1  .0 ± 1  .2 ± 2 . 1
(b ) C o r t i s o n e .............................................. 7 . 5 7 . 0 8 . 3 7 . 2 1 0 . 0 8 . 0
± 3 . 7 ± 1 . 4 ± 1 . 7 ± 3 . 5 ± 1 . 1 ± 2 . 0 ± 1 . 7
(o) C o r t i s o n e  a n d  W i n s t r o l ............... ..........  1 8 .1 9 . 7 8 . 9 1 0 . 8 1 2 . 7 8 . 5 1 0 .9
± 5 . 6 ± 2 . 7 ± 3 . 9 ± 3 . 2 ± 4 . 5 ± 2 . 3 ± 3 . 5
(d ) W i n s t r o l ................................................ ..........  1 4 . 9 1 2 . 8 1 3 . 4 2 3 . 9 1 4 . 3 1 0 .2 10 .3
± 2 . 3 ± 5 . 2 ± 5 . 7 ± 5 . 9 ± 4 . 1 ± 3 . 1 ± 2 . 9
P v a l u e s . . ..........  N S < 0 . 0 5 < 0 . 0 5 < 0 . 0 5 < 0 . 0 5 N S < 0 . 0 5
(a) v s  (b ) ( b )  vs  (a) (d )  v s  (a) ( b )  v s  (a) (a) v s  (d )
a n d  (c) a n d  (d ) (b )  a n d  ( c ) a n d  (d )
days. Later samples show a further de­
crease of total hydroxyproline. The effects 
of treatment (Tables III and IV) show that 
the most striking changes occurred in 
Cortone and Winstrol-treated rats, Groups
(b )  and (d) .  Combined treatment, Group
( c )  , had less effect than that with either 
active agent alone.
significantly decreased. Treatment alters 
the soluble collagen of intact skin (Table 
V ). The effect of steroids is most evident 
in the burned skin. In cortisone-treated 
rats soluble collagen is decreased but is 
elevated in rats injected with the anabolic 
steroid. Rats given both hormones had 
intermediate values.
T A B L E  V III.— S o l u b l e  H y d r o x y p r o l in e  E x p r e s s e d  a s  a  P e r c e n t a g e  o f  T o t a l  H y d r o x y p r o l i n e . C a l c u l a t e d  F r o m  I n ­
d i v id u a l  D a t a  S u m m a r iz e d  in  T a b l e s  IV a n d  VI. B u r n e d  S k in  o f  I n j u r e d  R a t s . M e a n s  a n d  S t a n d a r d  D e v ia t io n
D a y  a fter  therm al in ju r y
G ro u p T rea tm en t 1 3 6 12 18 *4 3 0
(a) N o n e ......................................................... ..........  2 0 . 3 1 6 . 9 1 4 . 9 1 2 . 6 1 0 . 8 7 . 5 9 . 5
± 5 . 3 ± 5 . 7 ± 4 . 8 ± 2 . 0 ± 3 . 4 ± 1 . 4 ± 2 . 7
( b ) C o r t i s o n e ................................................ ..........  1 6 . 5 1 6 . 8 1 3 .1 1 0 . 6 7 . 8 7 . 5 7 . 8
± 6 . 2 ± 6 . 2 ± 3 . 3 ± 3 . 4 ± 2 . 1 ± 2 . 7 ± 1  .7
(O C o r t i s o n e  a n d  W i n s t r o l ................. ..........  1 9 .3 19 .1 1 3 . 7 1 2 .3 1 3 . 2 5 . 5 5 . 2
± 5 . 0 ± 5 . 8 ± 4 . 6 ± 3 . 2 ± 2 . 6 ± 1 . 0 ± 1  .5
(d ) W i n s t r o l ............................................... ........... 1 7 . 5 2 1 . 5 2 6 . 3 2 6 . 5 1 3 . 8 9 . 6 1 0 . 2
± 4 . 7 ± 2 . 0 ± 7 . 1 ± 3 . 7 ± 3 . 2 ± 2 . 5 ± 2 . 3
........... N S N S < 0 . 0 5 < 0  05 < 0 . 0 5 < 0 . 0 5 < 0 . 0 5
(d ) v s  (a) (d ) v s  (a) ( b )  v s  (c) ( c )  v s  (d ) (c)  v s  (d )
( b )  a nd  (c) (b )  a n d  (c) a n d  (d )
Soluble Hydroxyproline
The soluble hydroxyproline content of the 
intact and burned skin of rats is shown in 
Tables V and VI. Statistical analyses of 
the data demonstrate certain differences 
between the various groups. Maximal con­
centrations of soluble (young) collagen 
were observed in the samples from day 
6 and day 12. In later samples this fraction
The data in Tables VII and VIII show 
the soluble fraction, young collagen, as a 
percentage of total hydroxyproline.
Histology
In this study histological reaction to 
thermal injury was comparable to that 
described previously2 when heat, close to 
100° C., was applied to the skin. Cellular
TABLE IX .— H istological R eaction to L ocal D eep T hermal I njury of the R at ’s Skin.
Regeneration Aldan  
Round cell Growth of of blue
D ay after burn Edema Hemorrhage Necrosis infiltration fibroblasts epithelium reaction*
1 .......................................  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  0 0 0
3 .......................................  +  +  +  +  +  +  +  +  +  +  +  +  +  +  + 0 0
6 ......................  + + + ++ ++ + + + ++ + +
12 ......................  ++ ++ ++ + + + + + + ++ + +
18 .......................................  +  + +  +  +  +  +  +  +  +  +  +  +  +  +  +
30 .......................................  +  +  +  + +  +  +  +  +  +  +  +  +  +  +
36 .......................................  0 +  +  + +  +  +  +  +  + +  +  +  +  +
“Specific stain reaction of acid mucopolysaccharides, components of ground substance.
+  +  +  +  =  very marked; +  +  +  = marked; +  +  =  moderate; +  =  little; 0 =  no reaction.
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elements disintegrated and coagulation 
necrosis, a usual reaction of skin to this 
type of burn, was seen in our histological 
preparations in the early stage of injury. 
The results of histological study (Table 
IX ) give a qualitative evaluation of tissue 
reaction to the burns during 36 days fol­
lowing injury.
Fibroblasts appear in the 6-day-old 
wound and continue to grow actively 
during the healing period studied. The 
epithelium has begun to regenerate at the 
end of the second week after injury. Par­
allel to the growth of fibroblasts, ground 
substance also forms, as shown by the 
alcian blue reaction. This reaction indi­
cates that acid mucopolysaccharides, im­
portant components of ground substance, 
are present.22
D iscussion
Collagen and Tissue Repair
Intact fibroblasts are necessary for col­
lagen synthesis, although fibres polymerize 
outside the cells. Collagen synthesis during 
wound repair can be detected by chemical 
means as early as the second and third day 
after wounding. By the fifth day significant 
amounts of collagen have appeared and by 
the seventh day production is well ad­
vanced. At this time there is also consider­
able neutral salt extractable collagen.10 
The “curves” that record both collagen 
concentration and breaking strength of 
wounds as functions of the time appear 
to be parallel and are sigmoid. Both para­
meters increase rapidly from about the 
fourteenth to the forty-second postoperative 
day and then decline.14 However, collagen 
is deposited in the scar for several months.23
We have seen no direct studies of the 
contribution of collagen to the repair of 
burned skin. Thermal injury differs from 
experimental and clinical wounds pro­
duced by incision particularly because skin 
protein is denatured in bums. After it has 
been denatured, collagen becomes sus­
ceptible to various proteinases; increase of 
urinary hydroxyproline after thermal injury 
represents this proteolytic breakdown. In 
patients with severe burns17 the excretion 
of urinary hydroxyproline rapidly increases, 
reaching a peak about 15 days after injury, 
and then declines. Urinary hydroxypro­
line values have returned to normal 25 
days after the horning. In such patients 
maximal collagen breakdown probably 
occurs towards the end of the second week 
after thermal injury.
How does this conclusion compare with 
our present results on burned skin hydro­
xyproline? After an early decrease of 
hydroxyproline (third day after injury) 
both total and soluble hydroxyproline in­
creased on the sixth day (Tables IV  and 
V I). Total hydroxyproline was still high 
in the 12-day sample but the soluble frac­
tion had already decreased. Both hydro- 
xyprolines were decreased in 18-day 
samples and remained low until the end 
of the experiment. This provides experi­
mental evidence that collagen formation 
and/or deposition increased in samples of 
burned skin taken on the sixth and twelfth 
days after injury. Decreased amounts of 
hydroxyproline found in later samples 
probably mean that the catabolism of col­
lagen had increased. In patients with 
severe burns,17 urinary hydroxyproline 
levels indicated that the breakdown of 
collagen reached a maximum in the second 
week after injury. These studies17 differ 
greatly from our present work. Both, how­
ever, provide evidence of collagen catab­
olism in the early weeks of burned tissue 
healing.
Hydroxyproline in the skin distant from  
the site o f injury.—Thermal injury in one 
area affected significantly the collagen of 
intact skin at a distant site (Tables III 
and V II). Similar observations regarding 
dermal collagen were reported in studies 
of hydroxyproline in uninjured skin distant 
from the site of local necrosis24 or surgical 
wound.20 These findings suggest that there 
is a systemic alteration of collagen metab­
olism after certain local tissue injuries.
Effect o f Hormones
Hormones may affect the synthesis, de­
position and breakdown of collagen fibres. 
Hormones concerned with body growth 
stimulate both synthesis and breakdown of 
collagen, perhaps through a general effect 
on protein metabolism.9- 22> 25-27 Antiana­
bolic corticoids appear to have the opposite 
action and inhibit collagen synthesis. Under
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certain conditions, anabolic hormones can 
prevent the pathologic action of corticoids 
on connective tissue collagen.21,22 The 
hormones used in this study affected hydro- 
xyproline in both intact and burned skin 
(Tables III-V I). Catabolic action of cor­
tisone is again confirmed. Winstrol has a 
strong anabolic action producing significant 
increases of both hydroxyprolines. The 
marked increase in soluble hydroxyproline 
seen here probably indicates vigorous col­
lagen synthesis ( Table V I). Anabolic re­
sponse to Winstrol was limited to the first 
two weeks after injury. The same early 
anabolic action of Winstrol was observed 
previously in a study of the histological 
healing of fractured bones.28 None of the 
hormones used in this study totally pre­
vented the decrease in hydroxyproline in 
samples studied later than 18 days after 
injury. In the early stage of the experiment, 
combined treatment decreased the anti­
anabolic action of cortisone on hydroxypro­
line.
Histology
In untreated, healing burns the growth 
of fibroblasts is well advanced in the 6 
and 12-day samples. In this period there 
is also much ground substance, indicated 
by alcian blue reaction for acid mucopoly­
saccharides, typical constituents of grow­
ing and healing connective tissue.27'29 Be­
cause fibres are deposited outside the cells, 
in the ground substance, it is very impor­
tant that adequate ground substance be 
laid down during the healing process. The 
histological picture explains, in part, our 
findings concerning the biochemistry of 
collagen. Synthesis and deposition of col­
lagen increased when new fibroblasts ap­
peared in the wound. However, after the 
eighteenth day, the wound contained less 
collagen despite the presence of fibroblasts 
and evidence of increased formation of 
ground substance. The synthetic activity of 
newly formed fibroblasts probably did not 
entirely compensate for the catabolism of 
collagen fibres induced by coagulation 
necrosis. Progressive regeneration of epi­
thelium and the replacement of connective 
tissue by normal cells may also explain the 
decreased concentration of collagen in both 
epidermis and dermis.
From this experiment we have drawn 
the following conclusions: (1) In burned, 
healing skin hydroxyproline increases at the 
end of first and second week after injury. 
We attribute this to increased synthesis 
and deposition of collagen in the wound 
at this time. (2) Hydroxyproline content is 
decreased in samples taken from the 
eighteenth day after injury and later. This 
decrease is probably due to increased 
catabolism of collagen. (3) The decreased 
hydroxyproline in the burned skin of corti­
sone-treated rats reflects the antianabolic 
action of this steroid on collagen formation 
and deposition. (4) The increase of hydro­
xyproline in the burned skin of Winstrol- 
treated rats reflects the stimulation of syn­
thesis and deposition of collagen by this 
anabolic agent. (5) Changes in hydroxypro­
line content of intact skin distant from 
burned skin, in both treated and untreated 
rats, are due to the systemic action of in­
jury and of hormones on the metabolism of 
dermal collagen.
Summary
We produced standard, deep, dermal 
burns ( about 3% of the total skin surface) 
in the skin of rats. They were killed, by 
groups, on days 1, 3, 6, 12, 18, 24 and 30 
after injury. Rats were left untreated or 
received, during the healing period, cor­
tisone (Cortone) or an anabolic steroid, 
17-/8-hydroxy-17a-methylandrostano [3, 2-c] 
pyrazole (Winstrol), or both hormones 
simultaneously. We determined the total 
and soluble (in 0.45 M NaCl) hydroxy­
proline of burned skin and intact skin in 
these rats. Thermal injury and hormone 
treatment affected significantly hydroxy­
proline levels of both injured and intact 
skin. The general patterns of response were 
as follows: an early rise in hydroxyproline, 
found in 6 and 12-day samples, followed 
by a decline in later samples. Cortisone 
inhibited collagen and the anabolic steroid, 
Winstrol, significantly increased dermal 
hydroxyproline, particularly the soluble 
fraction. We have discussed the significance 
of these results in the light of present 
knowledge of collagen behaviour in heal­
ing tissues.
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Resu m e
Les auteurs ont etudie les modifications de 
l’hydroxyproline du derme apres lesions cutanees 
d’origine thermique chez le rat. Pour tenir compte 
du fait que certains corticoides affectent le col- 
lagene du derme, ils ont egalement etudie Taction 
de certains steroi'des anti-anaboliques et anabo- 
liques sur la teneur en hydroxyproline, en vue de 
la cicatrisation de lesions thenniques sur la peau 
des rats.
Nous avons provoque experimentalement des 
hrulures dermiques profondes etalonnees (environ 
3% de la surface cutanee globale) sur la peau de 
rats. Nous avons sacrifie les animaux en groupes 
differents. dans un delai de 1, 3, 6, 12, 18, 24 et
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30 jours. Les animaux ont ete, soit laisses sans 
traitement, soit traites, pendant la periode  ^de 
cicatrisation avec de la cortisone ou le  17-beta- 
hydroxy, 17 alpha-methylandrostano [3,2-c] pyra- 
zole (Winstrol) ou avec les deux hormones simul- 
tanement. Ils ont mesure le total ou la portion 
soluble (dans 0.45 M NaCl) de l’hydroxyproline 
de la peau brulee et de la peau intacte de ces 
animaux. La brulure thermique et le traitement 
hormonal ont affecte sensiblement la teneur en 
hydroxyproline, et de la peau brulee et de la peau 
intacte. Dans le type general de reaction a la
brulure thermique, on constatait une augmenta­
tion precoce de la teneur en hydroxyproline, exis- 
tant dans les specimens du 6eme et du 12enie 
jour, puis un declin de la concentration dans Ls 
specimens ulterieurs. La cortisone a inhibe la 
formation de collagene et le Winstrol (steroide 
anabolique) a augmente considerablement 1 hydro­
xyproline du derme, particulierement sa fraction 
soluble. La signification de ces decouvertes est 
interprets* a la lumiere des connaissances actuelles 
sur le comportement du collagene dans les tissus 
en voie de cicatrisation.
IMPLANTATION OF SPLENIC ARTERY 
INTO L E F T  VENTRICLE
The splenic artery, a significantly larger ves­
sel than the internal mammary artery, was used 
for revascularization of the anterior and poste­
rior aspects of the left ventricle in 12 patients 
with diffuse occlusive disease of the coronary 
arteries. The main splenic artery varies usual­
ly from 10 to 15 cm. in length and averages 
4 to 6 mm. in diameter. There are consistently 
two or three hilar branches, and these were 
used for myocardial implantation.
Left, anterolateral thoracotomy at the sev­
enth intercostal space and a circumferential 
diaphragmatic incision were used. After splen­
ectomy the artery was brought through a 1- 
cm. diaphragmatic opening anterior to the 
esophageal hiatus and the hilar branches were 
implanted into the left ventricle. Two or three 
tunnels were made, one along the diaphrag­
matic surface, one parallel to the circumflex 
coronary artery, and a third, if three hilar ar­
terial branches were present, along the lateral 
surface of the ventricle. In each of the im­
planted arterial branches, two to four open­
ings were made 5 to 7 mm. apart. When 
the splenic artery was unusually short as in 3 
of the 12 patients, the artery was divided and 
reanastomosed to the descending thoracic 
aorta instead of being brought through the 
diaphragm.
Recently, left atrial pressure was measured 
postoperatively and no significant elevations 
were noted. Procainamide has been usually 
given postoperatively to minimize arrhythmias, 
and anticoagulant therapy was begun three to 
four days postoperatively and continued until 
the patient was discharged. The surgical mor­
tality rate was initially high, with five deaths 
in the first group of patients operated upon. 
The causes of death were arrhythmia in two 
patients, pulmonary edema in one, and myo­
cardial infarction in two. Because of the initial
high mortality rate, subsequent operations were 
not performed upon older patients with exten­
sive cardiac enlargement and heart failure. Of 
the seven surviving patients, six described 
substantial subjective improvement within 
the one-year postoperative period. Repeat ca­
theterization of the splenic artery is planned 
in the future for all patients.—Spencer, F. C., 
Reppert, E. H. and Royd, A. D.: Implantation 
of the splenic artery into the left ventricle for 
coronary artery disease, Arner. Surg., 34: 831, 
1968.
EXPERIMENTAL CORONARY ARTERY 
SURGERY
Nine dogs that underwent experimental coro­
nary artery operations were studied after in­
tervals varying from two to five years. Five of 
the animals had had venous autografts in­
serted between the aorta and circumflex 
branch of the left coronary, two had had 
longitudinal arteriotomies and two had had 
oblique end-to-end anastomoses of coronary 
arteries.
The status of the coronary vessels was 
evaluated by means of arteriography and, after 
sacrifice of the dogs, by direct examination.
The venous grafts were found to be di­
lated to three times their normal diameter; 
however, in only one was the dilatation an­
eurysmal. One graft had partially thrombosed. 
Microscopic section revealed significant medial 
thickening of the venous grafts.
The suture lines in the dogs that had under­
gone arteriotomies and arterial anastomoses 
were observed to be well healed without stric­
ture formation.—Dedomenico, M. et al.\ Ex­
perimental coronary artery surgery; long term 
follow-up, bypass venous autografts, longi­
tudinal arteriotomies, and end-to-end anastom­
oses, J. Thorac. Cardiovasc. Surg., 56: 617, 
1968.
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HYPOXEMIA AND ATELECTASIS IN EXPERIMENTAL HEMORRHAGIC 
SHOCK: ITS DECREASE RY PERIODIC HYPERINFLATION 
OF THE LUNGS0
P. A. MacKAY, M.D., J. H. BURGESS, M.D., F.R.C.P.[C],t 
M. H. FINLAYSON, M.B., B.Ch., F.R.C.P.[C] and L. G. HAMPSON, M.D., F.R.C.S.[C],
F.A.C.S., Montreal, Que.
Arterial hypoxemia is common in surgical 
shock. Twelve patients in clinical shock 
recently studied at the Montreal General 
Hospital had low arterial oxygen tensions 
while breathing room air and while breath­
ing 100% oxygen. The low tension with 
100% oxygen indicates that non-ventilated 
or atelectatic areas in the lung were being 
perfused—a condition referred to as intra- 
pulmonary shunting. Because there is no 
appropriate “control” in clinical shock, 
which would allow us to study arterial 
hypoxemia and intrapulmonary shunting, 
we set up an experimental model of hem­
orrhagic shock so that we could study the 
mechanism by which the hypoxemia was 
produced.
Previous studies have shown that experi­
mental shock is accompanied by pulmo­
nary atelectasis1’4 and arterial hypoxemia.5'10 
Furthermore, during general anesthesia in 
humans, hypoxemia is associated with a 
fall in lung compliance1113 and an effect 
like a right-to-left shunt.14 Both the fall in 
lung compliance and the right-to-left shunt 
can be decreased or eliminated by periodic 
lung hyperinflation ( three to four full lung 
expansions performed passively every 10 
to 20 minutes). Lung compliance also 
decreases in experimental hemorrhagic 
shock15'18 and is reversed by periodic lung 
hyperinflation.19 However, the effect of 
periodic lung hyperinflation on the arterial 
hypoxemia seen in shock has not been 
assessed previously.
The present study was designed to assess 
the influence of periodic hyperinflation on 
arterial blood gases and lung structure of 
dogs in experimental hemorrhagic shock.
“ From the Department of Surgery, and the 
Cardiorespiratory Laboratory, Department of 
Medicine, The Montreal General Hospital, Mont­
real, Que.
Supported by a grant from the Defence Research 
Board.
[•Medical Research Council Scholar.
M aterials and M ethods
We used the hemorrhagic shock model 
of Bounous et air“• 21 Healthy young dogs 
weighing 12 to 14 kg., fasted from the 
previous day, were lightly anesthetized 
with sodium pentobarbital, 20 to 30 m g./ 
kg. The dogs were placed in the supine 
position and a cuffed endotracheal tube 
was immediately inserted. In hyperinflation 
studies, the lungs were hyperinflated with 
an Ambu bag every 20 to 30 minutes for 30 
minutes to one hour after the shock period.
An upper abdominal midline incision, 3 
to 3% inches long, was made under sterile 
conditions. Trypsin inhibitor, 0.5 mg. in 50 
c.c. normal saline, was injected into the 
duodenum below the ampulla of Vater. 
This solution was milked for IV2 to 2 feet 
along the upper small intestine. The wound 
was then closed in two layers with chromic 
catgut. Catheters were placed in both 
femoral arteries. One catheter was attached 
to a P 23 Db Statham transducer and blood 
pressure recorded on a Grass Model 5 
polygraph. The other catheter was con­
nected to a sterile, siliconized reservoir 
bottle that was used for bleeding. Before 
bleeding, 1.5 to 2 mg./kg. body weight of 
heparin was injected intra-arterially.
After about P/2 hours, when initial anes­
thesia became “light”, the animals were 
rapidly bled into the reservoir bottle until 
the mean arterial pressure was reduced to 
35 mm. Hg. This pressure was maintained 
for 4 V2 hours by regulating the level of 
the reservoir bottle. During the procedure 
pressure measurements were calibrated 
witb a mercury manometer. The animals 
were revived at the end of the hypotensive 
period by replacing the shed blood through 
the femoral artery catheter over a 15-min­
ute period. W e infused 250 c.c. of 5% 
dextrose in normal saline through the same 
catheter to compensate for blood lost 
during the operative procedures and be-
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TABLE I.—Blood-Gas Analysis in 12 Dogs H yperinflated During Hemorrhagic Shock
Vol. 12
V
Control period Post-transfusion Late period (JS hours)
breathing During shock breathing breathing
Room air 100% Os (S hours) Room air 100% Og Room air 100% Os
D og  ------
num ber P O 2 pH pcoo P 02 pH P C O 2 p o 2 pH p c o g p o 2 pH pcc>2 p o t pH P C O 2 p o 2 pH P C 02 P O 2 pH P C 0 2
1 79 7 33 46 575 7.58 23 620 7.34 25 83 7.40 40 570 7.56 26
7 41 32 650 7.14 26 88 7.14 17 425 7. 20
570 7.37 41 625 7.40 29 D ie d  o f  anesthesia 1  -
575 7.47 24 _ _ _ 99 7.17 24 640 7.25 33 89 7.38 22 550 7.54 25
5 650 7.60 18 690 6.96 20 D ie d  overnight
580 7.34 20 _ — — — — — 625 7.42 — — — — 545 7.51 —
7 80 7.25 40 575 7.20 45 105 7.30 22 125 7.12 31 650 7.23 21 82 7.40 36 600 7.57 30 **
8 82 7 30 39 600 7.55 18 120 7.00 23 — — — 620 7.00 27 84 7.40 33 580 7.37
9 100 7.36 34 590 7.37 21 109 6.90 33 118 6.90 39 630 7.00 29 93 7.45 30 605 7.50 33
10 95 7 45 30 580 7.41 33 125 6.90 19 — — — 645 6.97 22 D ie d  overnight
11 84 7.37 39 625 7.50 24 136 7.01 19 — — — 640 7.10 20 85 7.44 33 570 7.50 26
12 83 7.30 37 — 113 7.21 21 127 7.27 23 — — — 85 7.40 37 590 7.52 25
86 7.33 38 581 7.44 27 118 7.05 24 117 7.11 29 639 7.16 25 86 7.37 31 559 7.47 28
S.D. 8.0 0.06 5.0 44.4 0.01 9.28 11.4 0.16 5.2 12.7 0.15 7.4 20.2 0.17 4.4 3.6 0.09 7.8 54.3 0.11
cause the dogs would be fasting for the 
next 15 to 20 hours.
Arterial oxygen tensions (Pao2), pH and 
arterial carbon dioxide tensions (Paco2) 
were measured with a pH/gas analyzer 
Model 113° at 37° C. while the animals 
were breathing room air or 10 0% oxygen. 
The determinations were made within min­
utes of drawing 5-c.c. blood samples be­
cause the Pao2 is significantly lower if the 
analysis is done after 30 minutes have 
passed. For technical reasons, both mea­
surements were not always done.
times are measured from the beginning of -  » 
the shock period. After the 48-hour mea­
surements, the dogs were killed to permit 
histological studies of the lung. .
Three groups of animals were studied:
Group 1—12 dogs that were periodically 
hyperinflated during hemorrhagic shock 
(Table I); Group 11-14  dogs that were 
not hyperinflated during hemorrhagic shock -
(Table II); and Group I ll-s ix  dogs that 
served as sham controls. These lightly anes­
thetized dogs had the same abdominal in- L _  
cisions and lay in the supine position for
TABLE I I—Blood-Gas Analysis in 14 Dogs: Hemorrhagic Shock but no Hyperinflation
Control period Post-transfusion Late period U8 hours)
breathing During shock breathing breathing
D og
num ber p o 2 pH p c o 2 p o 2 pH p c o 2 P O 2 pH P C O 2 p o 2 pH p c o o P O 2 pH P C O 2 P O 2 pH p c o g P O 2 pH p c o c
1 98 7.31 49 630 7.31 38 118 7 21 33 123 6.91 46 615 6.90 22 90 7.38 22 475 7.32 27
2 95 7.32 40 615 7.50 25 115 7.20 22 123 7.00 45 650 6.89 47 68 7.40 29 310
3 100 7.40 38 400 7.35 53 — — — 118 6.95 47 610 6.87 48 79 7.50 24 575 7.40
4 90 7 35 41 580 7.34 39 — — — 118 6.89 39 610 6.90 40 84 7.36 27 580 7.31
5 98 7.40 36 600 7.41 25 112 7.19 31 125 7.07 45 650 7.10 37 69 7.42 39 570 7 . 5 2 25
6 74 7.24 55 515 7.24 50 103 7.17 39 112 7.10 50 610 7.15 39 70 7.39 36 575 7.44
7 90 7.23 42 650 7.38 25 120 7.24 40 115 7.00 40 653 7.33 22 7.41
D ied  overnight
7.40 298 95 7.30 35 595 7.56 23 110 7.05 36 — — — 600 7.00 45 90 28 580
9 81 7.34 40 570 7.37 28 55 6.80 90 D ied  a fte r  tra n sfu sion
10 86 7.34 35 600 7.50 20 109 7.00 25 — — — 600 7.14 30 D ie d  overnight
11 100 7.40 27 575 7.42 21 120 7.05 25 — — — 660 7.00 27 D ie d  overnight
12 100 7.43 25 ___ — 128 6.97 23 129 6.84 39 D ie d  overnight 32 440 7.35 3013 85 7.33 42 _ ___ ___ 90 7.20 39 100 7.03 55 — — — 75 7.36
14 89 7.32 31 — — — 100 7.35 25 120 7.07 30 — — — 78 7.43 29 465 7.42
92 7.33 38 575 7.39 31 107 7.11 36 118 6.98 44 625 7.03 37 78 7.41 30 508 7.37 30
S.D. 7.9 0.05 7.9 67.9 0.09 11.6 19.2 0.14 18.3 8.1 0.08 6.9 24.2 0.15 8.6 8.5 0.04 5.4 93.5 0.08 5.5
With the dogs breathing room air or 
10 0% oxygen, blood gases were measured 
at the following times; ( 1 ) control period 
just before bleeding; (2 ) after three hours 
of hemorrhagic shock; (3) 45 minutes after 
blood replacement; and (4) 48 hours after 
the onset of shock. These times correspond 
with those in the tables. The shock lasted 
4V2 hours from induction and subsequent
“Instrumentation Laboratory Inc., Boston, Mass.
the same period that dogs in Groups I and 
II did during the acute experiment, ap­
proximately 6V2 hours. These dogs were 
not heparinized. This group was periodi­
cally hyperinflated (Table III).
Results
Arterial Oxygen Tensions During Air
Breathing (Fig. 1)
The mean Pao2 control value for dogs
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TABLE III.—N on-Shocked “ H emorrhagic”  C ontrol
Control period End of procedure (6^  hours) Late period (48 hours)breathing breathing breathing
Room air 100% O2 Room air 100% 02 Room air 100% 02
Dog number P02 pH PC02 P02 pH PC02 P02 pH PC02 P02 pH PC02 P 0 2 pH PC02 P 02 pH PC02
1 ........................................  — — — 615 7.50 — 120 7.23 — 655 7.60 -  98 7.40 — — — —2 ........................................  — — — 200 7.49 — 87 7.35 — 600 7.48 -  98 7.39 — — — —3 ........................................  81 7.34 39 — — — 66 7.38 38 — — -  101 7.38 34 — — —4 ........................................  78 7.33 48 — — — 48 7.37 47 540 7.40 40 97 7.40 31 — — —5 ........................................  94 7.30 36 625 7.41 32 104 7.33 39 650 7.42 29 91 7.33 34 590 7.38 296 ........................................  96 7.30 38 650 7.43 31 115 7.30 36 640 7.39 33 94 7.42 39 620 7.50 25
Mean................................... 87 7.32 40 522 7.46 32 90 7.33 40 617 7.46 34 97 7.38 35 605 7.44 27S.D......................................  9.0 0.02 5.3 215 0.04 0.7 28.5 0.05 4.8 48.1 0.05 5.6 3 .5  0.03 3.3 21.2 0.08 2.8
in the sham group (Group III) was 84 
mm. Hg; this changed little throughout the 
experiment. The hyperinflated and non- 
hyperinflated dogs (Groups I and I I ) both 
had a sharp rise in Pao2 two to three hours 
after shock was induced; this correlated 
with the hyperventilation (low Paco2) 
usually seen during this period. The 
shocked dogs that were hyperinflated 
(Group I ) hyperventilated more than those that were not hyperinflated (Group II). 
This hyperventilation continued after the
shed blood was replaced. Blood-gas values 
48 hours after shocking showed that the 
dogs in Group I h a d  returned to control 
Pao2 values, whereas those in Group II 
had dropped to a  level below control values (92 mm. Hg down to 78 mm. H g). 
Statistical analysis o f the 48-hour mean 
Pao2 values of the dogs in Groups I and 
II showed a significant difference (P<0.05). 
There was no significant difference between 
the mean Pao2 of th e  hyperinflated shock 
group and that of th e  control group.
control 2-3hours post-tronsfus ion 4 8 h r.
Fig. 1.—The dog’s mean Pao2 when breathing room air is plotted on the ordinate and the time 
the values were measured is on the abscissa. The Pao2 of the control animals did not change signifi­
cantly throughout the study. In the dogs in Group I (hyperinflation and shock) the mean Pao2 returned 
to control levels at 48 hours. In Group II (shock but no hyperinflation) the mean Pao2 is significantly 
below the control value 48 hours after shock.






Fig. 2.—Mean Paco- breathing room air is on the ordinate and the time of the blood-gas mea­
surements on the abscissa. The Paco- in the control dogs did not change significantly throughout the 
study. Both the shocked groups showed evidence of alveolar hyperventilation (low Paco2), which was 
more marked in the hyperinflated group.
Arterial Carbon Dioxide Tensions on
Breathing Room Air (Fig. 2)
Throughout the experiment, the values 
for mean Paco2 changed little in the sham 
controls (Group III). The two shocked 
groups had lower values during the shock 
phase and in the early post-transfusion 
period; the dogs in Group I had signifi­
cantly lower Paco2 values than those in 
Group II.
Arterial Oxygen Tensions During 100%
Oxygen Breathing (Fig. 3)
In the normal dog, Pao2 during oxygen 
breathing varies between 550 and 650 mm. 
Hg. Oxygen tensions below 550 mm. Hg 
indicate abnormal intrapulmonary shunt­
ing. The mean values shown in Fig. 3 
indicate that no intrapulmonary shunting 
occurred in the sham control group.
In the two shocked groups Pao2 was 
increased in the shock phase and early 
post-transfusion period, and reached levels 
similar to those on breathing room air. 
After 48 hours, the Pao2 levels in Group
I returned to control values and there was 
no evidence of abnormal intrapulmonary 
shunting. On the other hand, the levels in 
the Group II dogs fell well below control 
values (575 mm. Hg down to 504 mm. 
Hg). The Pao2 of the two shocked groups 
at 48 hours showed a significant difference 
(P < 0.05).
Two dogs in Group III had arterial 
hypoxemia at the end of the initial phase 
of the study. One was hypoventilating at 
this time as shown by the elevated Paco2. 
Neither animal was hypoxemic 48 hours 
later.
pH Changes
In the hyperinflated and non-hyperin- 
flated groups during the control period, 
the mean pH was the same (7.33 units) 
(Tables I and II)  and the values in the 
two groups did not differ significantly after 
three hours of shock. However, mean values 
for pH were significantly different in the 
post-transfusion period (P<0.005) (Group 
1—7.11 and Group II—6.98).
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Fig. 3.—Mean Pao2 of dogs breathing 100% oxygen is plotted on the ordinate and measure­
ment times on the abscissa. The dogs that were shocked but not hyperinflated showed a significant 
light-to-left shunt at 48 hours.
Mortality
One dog in Group I died during induc­
tion of anesthesia at 48 hours. (The ani­
mals were anesthetized 48 hours after 
shocking to obtain arterial blood-gas 
samples during air and 100% oxygen 
breathing.) Two others in this group died 
within 24 hours of the shock procedure. 
Five of the 14 dogs in Group II died 
within 24 hours of shocking. The mortality 
rates of the two groups differed signifi­
cantly (P < 0.05).
Pathologic Changes in the Lung
The external appearance of the lungs 
was assessed as shown in Table IV. “Sur­
face change” refers to the discolouration 
that indicates congestive atelectasis. We 
chose this criterion of pathologic change
T A B L E  I V .— G r o s s  P a th o lo g ic  C h a n g e s  in  t h e  L un g  
S u r f a c e s  o f  32  D o g s
C h a n g e G r o u p  I  G r o u p  I I G r o u p  I I I
M in im a l :  le s s  th a n  5 %  
su rfa c e  a r e a  d a m a g e ............ 8  4 3
M o d e r a te :  5 %  -  2 0 %
s u rfa c e  a r e a  d a m a g e ............ . 2  5 1
S e v e r e :  g r e a te r  th a n  2 0 %  
s u rfa c e  a r e a  d a m a g e ........... 2  5 2
because it provides a reliable and con­
venient estimate of congestive atelectasis. 
Lungs showing “minimal” damage had 0 
to 5% surface change; those described as 
“moderate” had 5% to 20% surface change 
and the “severe” group had damage of 
20% or more of the lung surface.
Eight out of 12 dogs in Group I had 
minimal damage and only 2 had severe 
damage. In Group II, only 4 out of 14 had 
minimal damage and the rest had moderate 
to severe damage. Surprisingly, two dogs 
in the control group had severely damaged 
lungs. Fig. 4 shows one of these lungs and 
Fig. 5 a minimally damaged lung from 
Group I.
The severe changes (Fig. 4) were mainly 
in the dependent portions of the lung. The 
dogs were on their backs during the shock­
ing and control procedures, hence the 
changes were chiefly in the posterior 
aspects of the lungs, most marked in the 
lower lobes, and also in the perihilar region 
directly posterior to the heart.
When examined after hematoxylin and 
eosin staining, the damaged areas showed 
evidence of bronchopneumonia, aspiration
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Fig. 4 .—Gross appearance in a control animal: 
the “severe” surface change (greater than 20%) 
represents congestive atelectasis.
pneumonia and pulmonary edema. Pulmo­
nary capillary congestion, intra-alveolar 
hemorrhage and hilar perivascular-bron­
chial hemorrhage were less frequent. 
Except in areas of bronchopneumonia, we 
found no evidence of platelet or fibrin 
deposition using modified picro-Mallory 
staining.22
The gross and microscopic changes de­
scribed above were found both in the 
shocked dogs and in the sham controls.
D iscussion
It is physiological to hyperinfiate the 
lungs every 10 or 20 minutes, by coughing, 
sighing or deep breathing. Such inflation 
expands small areas of parenchyma 
that may have partially or completely col­
lapsed when the lung was at rest. In 1959, 
Mead and Collier11 related this phenome­
non to conditions that exist in the lung 
under general anesthesia. They showed 
that, in anesthetized dogs that were either 
breathing spontaneously or were supported 
by a respirator, the lung compliance pro­
gressively decreased with time. This de­
crease could be reversed immediately by 
hyperinflating the lungs. Mead and Collier 
concluded that the loss of compliance 
resulted from progressive closure of air 
spaces.
In 1960 Finley et al.14 reported that, in 
anesthetized dogs spontaneously breathing 
100% oxygen, the average intrapulmonary 
shunt flow varied from 1% to 10% of the 
total pulmonary flow and averaged 5%.
Fig. 5.—Gross appearance of lungs from a 
hyperinflated, shocked dog. This “minimal” 
change involves less than 5% of the lung surface.
Under positive pressure breathing, the 
shunt flow was reduced in every dog and 
averaged 1%. They suggested, on the basis 
of indirect evidence, that the flow through 
the shunt was reduced after pressure 
breathing chiefly because areas of lung 
were opened that had collapsed during 
anesthesia. In 1963 Bendixen, Hedley- 
Whyte and Laver12 proposed that, during 
general anesthesia with controlled ventila­
tion, progressive atelectasis developed in 
surgical patients. In their view progres­
sive pulmonary atelectasis with increased 
shunting and decreased compliance may 
develop during constant ventilation unless 
the lung is periodically hyperinflated, even 
though, by the usual criteria, tidal ventila­
tion is normal. They demonstrated that 
the arterial hypoxemia produced by this 
atelectasis is reversed by passive hyperin­
flation. Every time the lungs return to the 
resting end-expiratory position some alveoli 
collapse and remain collapsed. Higher pres­
sures are needed to inflate completely 
collapsed air spaces than are required to 
inflate further those already partially filled 
with air.
In 1966 Williams, Tierney and Parker13 
studied the rate at which lung compliance 
changed in anesthetized, paralyzed rabbits 
and newborn lambs ventilated at a constant 
tidal volume for 20 minutes after four 
inflations to an intratracheal pressure of 25 
to 30 cm. ITO. When end-expiratory pres­
sure was unaltered, compliance decreased
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to about 50% of the initial value but when 
end-expiratory transpulmonary pressure 
was increased by 2 cm. IIX ) it decreased 
by only 15%. They suggested that the 
alveolus cannot long maintain a low sur­
face tension without occasional large in­
flations which replenish the surfactant 
layer.
Cahill, Jouasset-Strieder and Byrne19 
noted from previous studies that the lung 
compliance fell consistently in hypovolemic 
shock. In their own studies, they found 
that lung compliance fell in hypovolemic 
shock, but less than in their anesthetized 
control animals. The compliance could be 
returned to normal with periodic hyperin­
flation.
In the present study, the dogs in the 
two shocked groups responded to hypo­
volemia by hyperventilation; Pao2 increased 
on both room air and 100% oxygen breath­
ing and Paco2 decreased. The hyperinflated 
dogs had higher Pao2 values throughout 
the early and later phases of the experi­
ment, the 48-hour period values in Groups 
I and II were significantly different 
(P<0.05). Only one dog in Group I showed 
evidence of hypoxemia; this dog died a few 
minutes after the 48-hour blood-gas mea­
surement from bowel infarction secondary 
to wound dehiscence and evisceration. In 
Group II four of the nine survivors had 
significant hypoxemia at 48 hours.
Previous studies from this laboratory23’ 24 
showed that pulmonary lesions, particularly 
congestive atelectasis, were common in 
experimental hemorrhagic shock. In part, 
this may have been because these animals 
were not periodically hyperinflated during 
the shock procedure. We have now demon­
strated that most of these pulmonary com­
plications may be prevented.
It has been shown recently25 that the 
respiratory alkalosis produced by mechani­
cal hyperventilation during experimental 
hemorrhagic shock may be detrimental. 
The increased minute volume was associ­
ated with increased serum levels of lactate 
and inorganic phosphorus and ultimately 
a more severe metabolic acidosis and higher 
mortality rate. Our present results show 
that the hyperinflated dogs had lower car­
bon dioxide tensions and higher pH’s after 
the shed blood was replaced. However, at
48 hours there was no significant differ­
ence. Because our dogs were breathing 
spontaneously at all times except during 
the brief periods of hyperinflation, our 
results are not strictly comparable with 
those of King et al.25 We could not demon­
strate that the lower arterial carbon dioxide 
tensions and higher pH’s had any detri­
mental effect on the dogs in our hyperin­
flated group.
Our findings suggest that the abnormal­
ities in respiratory gas exchange observed 
in experimental hemorrhagic shock are not 
an inevitable outcome of the shock or of 
the hypotension. We suggest that, because 
we can prevent them by periodic lung 
hyperinflation, these abnormalities are re­
lated to inadequate respiratory care.
Previous studies in man have shown that 
the abnormalities in respiratory mechanics 
and gas exchange produced by general 
anesthesia can be largely reversed by peri­
odic lung hyperinflation. W e have shown 
that this is true in dogs in experimental 
hemorrhagic shock. Perhaps periodic lung 
hyperinflation and other types of respiratory 
care given early in clinical shock may 
prevent certain respiratory complications 
and arterial hypoxemia.
Su m m a r y
We have studied the effect of periodic 
lung hyperinflation on arterial hypoxemia 
and the degree of morphological lung 
change in experimental hemorrhagic shock 
in dogs.
Hyperinflated shocked dogs did not de­
velop arterial hypoxemia up to 48 hours 
after the shock period and lung dam­
age, measured as an amount of surface 
change, was minimal. In contrast, shocked 
dogs that were not hyperinflated had sig­
nificantly lower arterial oxygen tensions 
and more severe lung damage.
We have concluded that the arterial 
hypoxemia seen in experimental hemor­
rhagic shock is mainly related to the ani­
mal’s inadequate respiratory care (especi­
ally lack of periodic hyperinflation) and 
not a specific effect of shock. Because 
abnormalities in respiratory gas exchange 
contribute significantly to the complica­
tions of clinical shock, it may be possible 
to reduce these by prophylactic periodic
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lung hyperinflation and other respiratory 
care instituted as early as possible.
R efer en c es
1. O ’Shaug h n essy , L. and S l o m e , D.: Etiology
of traumatic shock, Brit. ]. Surg., 22 : 589, 
1935.
2. M oon, V. H. and Morgan , D. R.: Experi­
mental pulmonary edema, Arch. Path. 
(Chicago), 21 : 565, 1936.
3. Moon, V. H.: Shock and related capillary
phenomena, The Oxford University Press, 
London, 1938.
4. M oon, V. H.: Shock, its dynamics, occur­
rence and management, Lea & Febiger, 
Philadelphia, 1942.
5. Sch n ed o rf, J. G. and O r r , T. G .: Beneficial
effects of oxygen therapy in experimental 
traumatic shock, Surg. Gynec. Obstet., 73: 
79, 1941.
6. R ichards, D. W., Jr.: The circulation in
traumatic shock in man, Harvey L ed .,  39: 
217, 1943.
7. H arbord , R. P.: Discussion: shock with spe­
cial reference to anaesthesia, Proc. Roy. 
Soc. M ed , 40 : 172, 1947.
8. R o u n th w a ite , H. L., S c o t t , H. J. and G urd,
F. N.: Changes in the pulmonary circula­
tion during hemorrhagic shock and resusci­
tation, Surg. Forum, 3: 454, 1952.
9. W e a l e , F. E .: The place of oxygen in shock,
Brit. J. Anaesth., 3 2 : 76 , 1960.
10. W eid n er , M. G., Jr. and  S im e o n e , F . A.:
Physiology of prolonged oligemic hypo­
tension: investigation of pulmonary func­
tion, Ann. Surg., 156: 493, 1962.
11. M ead , J. and Co l l ie r , C .: Relation of
volume history of lungs to respiratory 
mechanics in anesthetized dogs, J. Appl. 
Physiol, 14: 669, 1959.
12. B en d ix en , H. H., He d l e y -W h y t e , J. and
L a v er , M. B.: Impaired oxygenation in 
surgical patients during general anesthesia 
with controlled ventilation: a concept of 
atelectasis, New Eng. J. Med., 269: 991, 
1963.
13. W il l ia m s , J . V., T ier n ey , D. F. and P a rker ,
H. R.: Surface forces in the lung, atelec­
tasis, and transpulmonary pressure, J. Appl. 
Physiol., 21 : 819, 1966.
14. F in l e y , T. N. et a l.: Venous admixture in the
pulmonary circulation of anesthetized dogs, 
J. Appl. Physiol., 15: 418, 1960.
15. G e r st , P. H., R a tten bo rg , C. and H oladay,
D. A.: The effects of hemorrhage on pul­
monary circulation and respiratory gas ex­
change, J. Clin. Invest., 38: 524, 1959.
16. At t in g e r , E. O.: Pulmonary mechanics and
hemodynamics during changes in ventila­
tion and blood volume, J. Appl. Physiol., 
15: 429, 1960.
17. L ew in , R. J. et al.: Influence of decreased
vascular pressure on mechanics of ventila­
tion in dogs, Amer. ]. Physiol., 198: 873, 
1960.
18. S alzano , J. and H a l l , F. G.: Effects of
graded hemorrhage on respiratory mechan­
ics, /. Surg. Res., 1: 48, 1961.
19. Ca h ill , J. M. J o u a sset-St r ie d e r , D. and
B y r n e , J. J.: Lung function in shocky
Amer. J. Surg., 110: 324, 1965.
20. B ounous, G. et al.: Abolition of “tryptic en­
teritis” in the shocked dog. Creation of an 
experimental model for study of human 
shock and its sequelae, Arch. Surg. (C h i­
cago), 91: 371, 1965.
21. B ounous, G. et al.: Biosynthesis of intestinal
mucin in shock: relationship to tryptic 
hemorrhagic enteritis and permeability to 
curare, Ann. Surg., 164: 13, 1966.
22. C a r sta ir s , K. C.: The identification of plate­
lets and platelet antigens in histological 
sections, J. Path. B ad ., 90: 225, 1965.
23. Hen ry , J. N. et al.: The effect of experi­
mental hemorrhagic shock on pulmonary 
alveolar surfactant, J. Trauma, 7: 691, 
1967.
24. Hen r y , J. N. et al.: A study of acute and
chronic respiratory pathophysiology of 
hemorrhagic shock, J. Thorac. Caraiovasc. 
Surg., 54: 666, 1967.
25. K ing , J. A. C. et al.: The metabolic effect of
hemorrhagic shock on preexisting respira­
tory alkalosis, Surg. Forum, 19: 40, 1968.
R e su m e
Nous avons etudie 1’effet d’une hyperinflation 
pulmonaire periodique (une seule inspiration maxi­
male toutes les 20 minutes) sur l’hypoxemie arte- 
rielle et avons observe le degre de changement 
morphologique du poumon dans le choc hemor- 
ragique experimental chez le chien.
Dans le groupe soumis a l’hyperinflation, il n’y 
avait pas d’hypoxemie arterielle (moyenne PaOL— 
86 mg de Hg) jusqu’a 48 heures apres le debut 
de la periode experimentale et la lesion pulmo­
naire, mesuree d’apres la surface de la region 
affectee, etait minimale. Par contre, chez les ani- 
maux n’ayant pas subi cette hyperinflation, on 
notait des tensions arterielles nettement plus 
faibles (moyenne du PaO-—78 mg Hg) et des 
lesions pulmonaires plus severes.
Nous concluons que l’hypoxemie arterielle ob- 
servee dans le choc hemorragique experimental 
est surtout reliee au rythme respiratoire de l’ani- 
mal et n’est pas attribuable a un mecanisme spe- 
cifique du choc. Etant donne que les anomalies 
dans l’echange des gaz respiratoires jouent un 
role de premier plan dans les complications du 
choc clinique. il peut etre possible de reduire 
celles-ci par une hyperinflation periodique donnee 
a titre prophylactique et d’instaurer des soins 
respiratoires le plus tot possible.
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UPTAKE OF TRITIATED STILBESTROL DIPHOSPHATE 
BY THE PROSTATE GLAND0
CAROL PROMISLOW, M.Sc.,f JOHN G. CONNOLLY, M.D., F.R.C.S.fEng. & C], F.A.C.S.f 
and ALBERT CLARKE, Ph.D.,J Kingston, Ont.
T h e  classical experiments of Huggins and 
Hodges1 led to the use of estrogen and/or 
castration as a treatment for carcinoma of 
the prostate gland. This approach con­
tinues to be the basis for non-surgical 
treatment of this neoplasm, and is invari­
ably used at some stage of the disease. 
Although the tumour is hormone-depen- 
dent and approximately 80% of patients 
respond to treatment1-3 relapses are com­
mon. The reason for the large number of 
relapses is unknown.
Testicular androgens are necessary to 
maintain growth and function of the pros­
tate gland, while exogenous estrogens have 
an inhibiting effect. Estrogens may produce 
this inhibition by acting at the cellular level 
or indirectly by inhibiting gonadotropin 
secretion.2-4> 5 In vitro, estrogens inhibit 
testosterone production by the testes0 and, 
in vivo, estrogens increase the binding of 
testosterone to serum proteins. This action 
may be of considerable significance be­
cause protein-bound testosterone is bio­
logically inactive. The mechanisms by 
which estrogen administration and/or an­
drogen deprivation influence the growth 
of prostatic tumours are unknown. The 
malignant cells that have responded to 
treatment show pyknosis of the nuclei, 
vacuolization of the cytoplasm, rupture of 
the cell membrane and eventual replace­
ment by fibrosis.
Stilbestrol, a synthetic preparation with 
estrogen-like properties, is commonly used 
to treat carcinoma of the prostate. Because 
the prostate gland is rich in acid phos­
phatase, the diphosphate form of stilbestrol 
has been recommended as a treatment for 
this disease. This compound, an inactive or 
“transport” form of stilbestrol, is activated
"Supported by funds from the National Cancer 
Institute and by Grant No. 154 from the Ontario 
Cancer Treatment and Research Foundation. 
fDepartment of Urology, Queen’s University, 
Kingston, Ont.
^Department of Biochemistry, Queen’s University, 
Kingston.
when the phosphate groups are hydrolyzed 
by acid phosphatase.
While in vitro dephosphorylation may be 
efficient, there has been no conclusive in 
vivo demonstration of this. For this reason, 
we designed a series of experiments to 
determine whether quantities of the de- 
phosphorylated compound are deposited in 
the prostate gland following the adminis­
tration of 3H diethylstilbestrol diphosphate 
(sodium salt). Because there is consider­
able evidence that this hormone suppresses 
the activity of the phosphatase (necessary 
for its conversion into an active hormone), 
we compared the changes in radioactive 
stilbestrol diphosphate with time, against 
changes in acid phosphatase in the gland 
and serum.
M aterials and M ethods
We used an inbred strain of mature, 
male rabbits averaging 7 lb. in weight. 
Tritium-labelled diethylstilbestrol diphos­
phate (50 to 100 mc./mM. Nuclear-Chi- 
cago) was given intravenously at 3 /xc./lb. 
for a total dose of 21 /xc. This dose was con­
tained in 0.3 mg. stilbestrol diphosphate. 
Thirty rabbits were sacrificed in pairs at 
0 (control), 15 and 30 minutes, 1, IV2, 2 V2, 
3, 4 V2, 6, 12, 24 and 48 hours, and on 
days 4, 9 and 19. Whole blood was drawn 
by cardiac puncture and then the rabbits 
were killed. Samples of prostate, liver, 
bladder epithelium and adipose tissue 
were stored at -10° C. until used. Whole 
blood was allowed to clot for 20 minutes 
and the serum fraction collected and 
frozen. Because steroid hormones are 
bound to serum albumin,7 the radioactivity 
is concentrated in the serum fraction. 
Therefore, serum rather than whole blood 
was measured. In addition, the pigment 
in whole blood and other deeply coloured 
tissues causes “quenching” (the beta par­
ticles and light energy are absorbed by the 
coloured solution and are not picked up 
by the liquid scintillation counter).
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Preparation of Tissue for Counting
Hyamine hydroxicle-toluene phosphor sys­
tem.— Between 100 and 250 mg. of tissue 
was prepared for liquid scintillation count­
ing, using a hyamine hydroxide-toluene 
phosphor system.8 The results were ex­
pressed as the total counts per minute 
per gram of tissue. A 0.2-ml. sample 
of serum was used, because with larger 
quantities the phases separate during 
counting. To minimize quenching, three 
drops of hydrogen peroxide were added 
to the deeply coloured counting solutions 
(e.g. liver).
Ether extraction-toluene phosphor sys­
tem.— This method was used to determine 
the distribution of the ether-soluble, radio­
active material ( stilbestrol) in the various 
tissue samples. A 10% homogenate of blad­
der and prostate, prepared with distilled 
water, was placed in a centrifuge tube. 
The homogenate was extracted three times 
with successive 5-ml. portions of ether. 
After each addition, the tubes were shaken 
vigorously and centrifuged for 15 minutes 
at 2000 rpm. The ether layer was removed 
with a Pasteur pipette, placed in a count­
ing vial, and evaporated under nitrogen. 
Toluene phosphor (10 ml.) was then added 
to each vial and the sample counted.
All counting was done using a liquid 
scintillation counter (Packard Model 3375). 
To correct the variable quenching effect 
of the various tissues when the hyamine 
hydroxide-toluene phosphor system was 
used, each sample was counted before 
and after an internal standard of known 
radioactivity was added.
To obtain the percentage of counts in 
the ether-soluble fraction, we corrected for 
differences in counting efficiencies between 
the two systems. The regular toluene phos­
phor system was 4.48 times more efficient 
than the hyamine hydroxide-toluene phos­
phor system.
Determination of Acid Phosphatase
Activity in Serum and Tissue
Using Manning’s technique8 we pre­
pared a 1% homogenate of prostate and 
bladder. Acid phosphatase levels in both 
serum and homogenates were determined 
at the various times using the Bodansky
method.10 The acid phosphatase activity of 
the serum, and of a 1% homogenate of 
bladder and prostate obtained from the 
two control rabbits, was measured using 
non-radioactive stilbestrol diphosphate as 
the substrate.11
Results
After a single intravenous dose of 0.3 
mg. of tritiated stilbestrol diphosphate, we 
detected no apparent preferential uptake 
by prostatic tissue. In various tissues 
examined, the maximum concentration of 
radioactivity occurred within the first half 
hour (Fig. 1). After this peak the activity 
declined rapidly. After six hours only 
trace amounts of radioactivity remained. 
The fluctuations in tissue activity paral­
leled those of the serum. The greatest 
concentration of activity appears in the 
serum (Fig. 1). The uptake of stilbestrol 
diphosphate by the prostate gland was 
surprisingly low. At all time intervals ex­
amined the total activity of the prostate 
is below that of the liver, bladder and 
serum. The high activity of liver is partly 
due to its role in detoxification and con­
jugation of these compounds.
A tissue is hormone-responsive when it 
incorporates and retains a specific hormone 
over long periods. The incorporation 
pattern of a non-responsive tissue parallels 
that of blood.12 Evidence obtained with 
tagged stilbestrol diphosphate and count­
ing techniques suggests that the prostate 
behaves as a non-responsive gland. The 
uptake pattern we observed (Fig. 1) re­
sembles that obtained by Jensen and 
Jacobson12 in tissues shown to be unrespon­
sive to estradiol.
Free stilbestrol is ether-soluble and stil­
bestrol diphosphate is not. After stilbestrol 
diphosphate is given the ether-soluble 
fraction should indicate how much hydrol­
ysis has occurred. To determine whether 
the prostatic acid phosphatase was success­
fully dephosphorylating the stilbestrol 
diphosphate, we measured the amount of 
free stilbestrol by homogenizing prostatic 
tissue in water, extracting with ether and 
counting. Since the total activity in bladder 
was high, the ether-soluble components of 
this tissue were also extracted and counted.
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Fig. 1.—Radioactivity in rabbit tissues after a single intravenous injection of tritiated stilbestrol 
diphosphate (3(ic./lb.) (c.p.m. =  counts per minute).
Within the first 1% hours, between 
55.0% and 69.5% of the radioactivity in 
the prostate gland was in the ether-soluble 
fraction (Table I ) .  This figure dropped to 
24.2% at the end of 24 hours. The activity 
in the ether-soluble fraction of the bladder 
ranged from 12.0% to 18.8% over the first 
three hours, then dropped sharply at six 
hours. We found few ether-soluble com­
ponents in serum; only 7.1% of the activity
TABLE I.— P e r c e n t a g e  of R a d io a c t iv it y  in  
E t h e r  F r a c t io n  of R a b b it  T issu e  H o m o g e n a te  
a t  V a r io u s  I n t e r v a l s  A ft e r  I n t r a v e n o u s  I n ­
je c t io n  o f  T r it ia t e d  St il b e st r o l  D ip h o sp h a t e  
(3 juc./lb. in  N o r m a l  Sa l in e )
Time Serum Bladder Prostate
15 min.........................  7 .1  14.9 69 .5
30 “ ........................  5 .9  13.0 66.0
50 “ ........................  3 .9  —  54 .5
1 hour........................ 4 .4  12.0 55 .8
1J^“ ........................  2 .4  12.9 55.0
2 “ ........................  1 .7  — 26.5
2 J i “ ........................  1 .3  —  33 .4
3 “ ........................  1 .6  18.8 19.8
■ll2 “ ........................ 0 .8  — 19.3
6 “ ........................  0 .4  6 .3  20 .0
12 “ ........................  0 .1  4 .6  —
24 “ ........................  0 .3  1.6 24 .2
4 days.........................  0 0 .3
was ether-soluble at 15 minutes. The con­
centration of radioactivity in the ether- 
soluble fraction of prostatic tissue was 
actually higher than that of bladder or 
serum, although the total activity (water 
plus ether-soluble components) in the 
prostate (Fig. 1) was lower than any of 
the other tissues examined except fat.
In a parallel study, using the Bodansky 
method,10 we determined the acid phos­
phatase activity in sera, and 1%  homogen­
ate of bladder and prostate. After we gave 
tritiated stilbestrol diphosphate, the serum 
acid phosphatase levels showed that the 
enzymatic activity increased over the first 
six hours (Table I I ) .  The levels then 
dropped to those of the control animals, 
reaching zero at 19 days. The fluctuations 
in the serum acid phosphatase closely 
matched those of serum radioactivity. How­
ever, the acid phosphatase content of 
prostatic homogenates showed little change 
after stilbestrol diphosphate was injected 
(Table II) .
In addition, we did in vitro studies on 
1% homogenates prepared from the pros-
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TABLE  I I .— A c id  P h osph atase  A c t iv it y  in  
R a b b it  Se r u m  a n d  1% P r o static  H o m o g en ate  
A f t e r  I n t r a v e n o u s  I n jection  of T ritiatf .d 
St il b e s t r o l  D ip h o sph ate  (3 mc . / lb .)
Serum, Prostate
Bodansky Bodansky
Time unils/100 ml. units/g.
Control......................  0.85 3.8
Control...................... 0.75 4.3
15 m in .....................................  1 .7  3 .0
30 “  ..................................... 1 .8  3 .3
1 h o u r .................................... 1 .5  3 .1
1 V2 “  ...................................  1 .4  2 .6
3 “  .................................... 1 .3  1 .8
6 “  ..................................... 1 .4  2 .8
12 “  .........................................................  0.6 2.8
24 “  ..................................... 0 .4  2 .4
48 “  ..................................... 0 .5  2 .2
4 d a y s ...................................  0 .4  2 .9
9 “  ..................................... 0 .1  2 .8
19 “  ......................................  0  2 .9
tate and bladder of control animals, to 
determine their ability to hydrolyze a 
buffered substrate prepared from non- 
radioactive stilbestrol diphosphate. The 
prostatic homogenate rapidly and almost 
completely dephosphorylated the stilbestrol
diphosphate (Fig. 2 ); within two hours 
(at pH 5.0) 97 % of this substrate was 
hydrolyzed. Bladder homogenates (at pH 
5.0) hydrolyzed 31% of the substrate at 
two hours. The enzymatic activity of both 
prostate and bladder (at pH 9.0) was low.
D iscussion
While the effects of estrogens on the 
prostatic epithelium are known, the exact 
mechanism of their action remains unex­
plained. After the injection of tritiated 
stilbestrol diphosphate, the prostate gland 
does not take up appreciable quantities 
of the compound. The maximum prostatic 
uptake of the labelled compound occurred 
30 minutes after injection (Fig. 1). This 
finding agrees with those of Fergusson13 
and Ghaleb,14 who studied the uptake of 
14C-labelled stilbestrol diphosphate in a 
small number of patients with cancer of 
the prostate.
It is difficult to explain the high con­
centration of radioactive compound in the 
bladder. However, since this structure 
contains both acid and alkaline phos­
phatase, some of the ester may be dephos­
phorylated (Fig. 2). Serum also contains 
measurable quantities of the enzyme, but 
the radioactivity in its ether-soluble frac­
tion was extremely low (Table I).
After the injection of stilbestrol diphos­
phate, the total radioactivity in the bladder 
was high. However, the activity in the 
ether-soluble fraction over the first three 
hours averaged 14.3% (Tabfe I )—an 
amount of free stifbestrol in the bladder 
that could not be explained by the free 
stilbestrol in the serum, because this was 
low (Table I). Therefore, the stilbestrol 
diphosphate must have been hydrolyzed 
in the bladder, probably by the measurable 
quantities of acid phosphatase found there 
(Fig. 2). However, because the free stil­
bestrol does not build up in the bladder 
with time, we concluded that the rate of 
dephosphorylation does not keep up with 
the clearance of the substance from the 
bladder.
On the other hand, the prostate gland 
appears to hydrolyze the ester efficiently. 
At 15 minutes, 69.5% of the total radio­
activity appeared in the ether-soluble frac­
tion, a value that fell to 24.2% by 24
<■ -
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hours. The rate of dephosphorylation is 
probably higher in man than in the rabbit 
(as observed in this experiment), because 
acid phosphatase concentration (units/g.) 
of human prostate is approximately 300 
times that of the rabbit.15
Although the dephosphorylation is effi­
cient, little free stilbestrol is deposited in 
the rabbit prostate. If stilbestrol was ac­
cumulating in the gland, both total activity 
and the activity of the ether-soluble frac­
tion should increase with time. Since this 
does not happen the prostate gland, by 
definition, is not estrogen-responsive.12 
Although the prostate incorporates less 
tritiated stilbestrol diphosphate, it concen­
trates more free stilbestrol (as measured 
by the ether-soluble fraction) than any of 
the other tissues tested.
Acid phosphatase activity in serum taken 
during the first six hours after injection of 
tritiated stilbestrol diphosphate indicates 
that the enzyme levels have increased 
(Table I I ) —an increase that parallels the 
radioactive uptake of the material. By 12 
hours, the serum enzyme levels have fallen 
below those of the control animals and by 
19 days have fallen to zero. If the levels 
of acid phosphatase in serum are to change, 
the relative rates of production, release 
into the circulation, inhibition and destruc­
tion must change. The rapid increase in 
enzyme levels that we demonstrated may 
be due to binding or inactivation of a 
natural acid phosphatase inhibitor by the 
injected hormone. Steroid hormones are 
known to bind to serum protein7 and it 
is possible that the inhibitor is more 
strongly bound than the enzyme.
On the other hand, after hormone injec­
tion the enzyme activity in the prostate 
gland deviates from that seen in the con­
trol animals, but the difference between 
the levels at 15 minutes and at 19 days 
is insignificant. It is possible that we did 
not give enough stilbestrol diphosphate to 
suppress enzyme levels in the normal rabbit 
prostate. The dose used (0.3 mg./7-lb. 
animal) is equivalent to 8 mg./180-lb. man. 
However, the acid phosphatase concentra­
tion in the rabbit gland is very low.15 
Woodard and Dean16 noted that, after 
estrogen therapy in men, serum enzyme 
levels declined and the low levels in the
cancerous gland fell even lower after 
estrogen therapy. If this is so, after the 
first injection of stilbestrol diphosphate, the 
amount of enzyme available to convert 
“transport” stilbestrol to “free” stilbestrol 
would be even lower when the next injec­
tion was given.
Arcadi17 observed that glucoproteins in 
the basement membrane of the prostatic 
acini became insoluble after estrogen treat­
ment. He suggested that the imperme­
ability of the ground substance chiefly 
determines the resistance the ground sub­
stance offers to the growth and spread of 
tumour cells. Thus, the formation of tough 
glucoprotein in the basement membrane 
might keep acid phosphatase from escap­
ing from the gland, and this would explain 
the near-normal levels of this enzyme in 
the gland at a time when the serum levels 
approach zero.
Su m m a r y
Tritium-labelled diethylstilbestrol diphos­
phate was administered to 30 inbred, male 
rabbits which were then sacrificed at 
various time intervals. Samples of serum, 
liver, bladder, prostate and fat were ana­
lyzed for radioactivity. The total radio- 
activity in the prostate was below that of 
liver, bladder and serum at all time inter­
vals. No preferential accumulation of ac­
tivity was observed in the prostate. The 
behaviour of this tissue resembled that of 
non-responsive tissue.
However, the gland appears to hydrolyze 
tritiated stilbestrol diphosphate efficiently, 
because 69.5% of the radioactivity ap­
peared in the ether-soluble fraction at 15 
minutes. This conclusion was supported by 
in vitro studies. A 1% homogenate of pros­
tate from control animals dephosphorylated 
97% of a (non-radioactive) stilbestrol di­
phosphate substrate (pH 5.0) in two hours.
In the rabbit, the level of acid phos­
phatase in the serum was elevated after 
stilbestrol diphosphate was injected, fall­
ing to normal at six hours and zero at 19 
days. The concentration of acid phosphatase 
in the prostate was constant at all times 
examined.
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R e su m e
Nous avons administre du diphosphate de stil­
bestrol marque au tritium a des lapins males 
consanguins que nous avons ensuite sacrifies a 
divers intervalles. Nous avons alors evalue la 
radio-activite d’echantillons de serum, de foie, de 
vessie, de prostate et de panicules adipeux. La 
radio-activite totale dans la prostate a toujours 
ete inferieure a celle du foie, de la vessie, et du 
serum, independamment de la periode d’observa- 
tion. Nous n’avons pas note d’accumulation prefe- 
rentielle de l’activite dans la prostate, Ce tissu 
s’est comporte comme un tissu non reactif.
Cependant, nous avons constate que la glande 
hydrolyse emcacement la diphosphate de stil­
bestrol marque, en nous basant sur le fait que 
69.5% de la radio-activite est apparue apres 15 
minutes dans la fraction de la glande soluble dans 
l’ether. Cette conclusion a pu etre confirmee par 
des Etudes in vitro. Un specimen homogeneise de 
prostate a 1% provenant d’animaux-temoins a de- 
phosphoryle en deux heures 97% d’un substrat 
(non radio-actif) de diphosphate de stilbestrol (pH 
5.0).
Chez le lapin, la concentration de la phospha­
tase acide dans le serum a augmente apres l ’in- 
jection de l’hormone, revenant a la normale a six 
heures et a zero au jour 19. Nous n’avons note 
aucune difference dans la concentration de l’en- 
zyme dans la glande.
AO RTIC V A L V E  H ETER O G R A FTS AS 
R E PL A C E M E N T O F CARDIAC VALVES
In view of the frequency of late complica­
tions following the insertion of artificial heart 
valves, an attem pt has been made to improve 
the results by using heterografts instead of an 
artificial valve. The problems encountered are 
of two kinds—immunological and technical. 
Immunological difficulties can be avoided by 
complete devitalization of the tissue before its 
insertion into the recipient. This is achieved by 
treating the valves with a buffered formalin
solution which at the same time serves as stor­
age solution. The authors report the early re­
sults obtained in a group of 10 patients (7 mi­
tral valve replacements, 3 tricuspid valve re­
placements). The valves were removed from 
young pigs and, following sterilization, attached 
to a titanium ring as described by Shumway. 
The early results are encouraging but the value 
of this method cannot be assessed until the late 
results are known.—Michaud, P. e t  ale. Les 
hetero-greffes de valvules aortique dans la 
chirurgie de remplacement valvulaire, Lyon  
C hir., 64: 857, 1968.
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S U R G I C A L  T E C H N I Q U E
MARSHALL-MARCHETTI OPERATION: IMPROVED POSITIONING 
AND THE USE OF A SPONGE ON RING FORCEPS0
DAYA JOSHI, M.D. and LIONEL REESE, M.D., C.M., F.R.C.S.JC], F.A.C.S.,
London, Ont.
In 1949 Marshall, Marchetti and Krantz 
introduced vesicourethral suspension for 
the treatment of stress incontinence; this 
procedure has since been widely accepted. 
The positions commonly used at the present 
time are the Trendelenburg, lithotomy or 
legs apart on a vein board; also, during 
this procedure, it is a great help to the 
surgeon if the assistant puts his finger in 
the vagina and raises the vaginal wall. 
However, this maneuver is technically 
difficult if the patient is obese.
We believe that correct positioning of 
the patient and the use of a sponge on a 
ring forceps ( to replace the assistant’s 
finger) will simplify vesicourethral suspen­
sion.
T ech n iq u e
The patient is placed on the operating 
table in the supine position so that the 
sacrum rests on the kidney bar and the 
pubic symphysis lies perpendicular to the 
centre of the bar. The abdomen is surgically 
prepared down to the mid-thighs (Fig. 1).
Fig. 1.—The patient’s sacrum is over the raised 
kidney rest, the thighs are dropped, the shoulder 
rest is on, and the upper section of the table is 
tilted downwards 15° to 20°.
“ From the Department of Surgery (Urology), 
University of Western Ontario, and St. Joseph’s 
Hospital, London, Ont.
The thighs are then lifted and their entire 
area, and the vagina and perineum, are 
similarly prepared. The lower end of the 
table is covered with sterile sheets and an 
F 20 Foley catheter, with a 30 c.c. bag, is 
inserted into the bladder and attached to 
straight drainage. The legs are then lowered 
onto the sterile sheets.
Fig. 2.—The patient fully draped. The ring for­
ceps (in position) are the lever and the sheets the 
fulcrum.
The thighs are draped leaving the vagina 
exposed and then the rest of the draping is 
completed. A sponge on a ring forceps 
soaked in povidone-iodine (Betadine) is 
inserted into the vagina so that the handle 
of the ring forceps rests on the drapes (Fig. 
2). The sponge on the ring forceps acts as 
a lever: the drapes are the fulcrum and the 
handle of the forceps is the long arm of the 
lever. As desired, light pressure on the 
handle can elevate the vaginal wall in the 
region of the urethra or bladder. This tool is 
especially helpful in the very obese patient 
when the assistant’s finger is not long 
enough to lift the vaginal wall.
Before he makes the incision, the sur­
geon raises the kidney rest to its maximum 
and drops the thighs downwards so that the 
true pelvis rotates bringing the space of 
Retzius nearer to him. The shoulder rest is
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put in place and the upper section of the 
operating table is tilted downwards to an 
angle of 15° to 20° (Fig. 1).
After these two maneuvers have been 
carried out, the rest of the procedure be­
comes relatively simple. The assistant can 
push the handle of the ring forceps down­
wards as required during the dissection. 
When the sutures are being tied to bring 
the urethra and the bladder neck close to 
the pubic symphysis, the assistant again 
pushes the handle of the forceps down­
wards, raising the vaginal wall and the 
urethra and bladder. This maneuver re­
lieves tension on the sutures and prevents 
them from cutting through the periosteum 
or periurethral tissues. We have operated 
on several obese patients with only the 
help of a nurse.
C onclusion
We have found that these two maneu­
vers, improved positioning and the eleva­
tion of the vaginal vault with forceps,
although simple, make the Marshall-Mar- 
chetti operation technically easy even in 
obese patients.
R esum e
L’operation de Marshall et Marchetti est 
grandement facilitee si on place la patiente dans la 
bonne position et si on remplace le doigt de 
l’assistant par une pince a anneau (ring forceps) 
pourvue d une eponge. La patiente etant en supi­
nation, le sacrum appuye sur la barre renale, on 
prepare l’abdomen, fes cuisses, le perinee et le 
vagin et on introduit dans la vessie un catheter 
de Foley F  20, pourvu d’un sac de 30 cc. Jambes 
et cuisses sont reeouvertes de champs steriles. Le 
vagin etant expose, on y introduit, pour servir de 
levier, une eponge imbibee de Betadine fixee a 
une pince a anneau (le bord du champ sterile 
sert de point d’appui). On leve alors la barre 
renale, on abaisse les cuisses et on incline de 15° 
a 20° la partie superieure de la table, le corps 
etant soutenu par les supports d’epaule. Cette 
manoeuvre a pour effet d imprimer une rotation 
au besoin et de rapprocher de l’operateur l’espace 
de Retzius. Au cours de l’operation, il suffit 
d’exercer sur la poignee de la pince (ring forceps) 
une pression vers le bas pour soulever facilement 
soit la vessie, soft l’uretre, meme chez une pa­
tiente obese; ce geste facilite la mise en place 
des sutures et permet au chirurgien de les fixer 
sans tension. Cette technique permet d’operer 
avec la seule aide d’une infirmiere.
TRA U M A TIC PARALYSIS O F SC IA TIC  
N ERVE
The authors describe a series of 40 patients 
with injuries to the sciatic nerve or its two 
branches, the common peroneal nerve and 
tibial nerve. Thirty-five patients were yoimg 
men or boys less than 20 years old. More than 
half had been treated initially elsewhere and 
errors in management had been made, compli­
cating their further management. Patients hav­
ing injured nerves should be sent to neuro­
surgical centres early.
Twenty-four patients were treated by neur­
orrhaphy or end-to-end anastomosis of severed 
nerve. I f  considerable time has elapsed since 
injury, there will be a neuroma at the proximal 
tip; the neuroma must be sharply excised and 
the nerve ends put as closely as possible in 
proper axial relation to each other and held 
there by  fine nylon or waxed silk sutures 
through the neurolemma. W here the nerve 
ends are far apart, hip and knee flexion some­
times allows the ends to be apposed—the pa­
tients must be kept in this position by plaster- 
cast immobilization for 4 5  to 60 days. Nerve 
function returned completely or partially in 14 
of the 24  patients. Results were better after 
repair of the sciatic branches than after neur­
orrhaphy or neurolysis of the main sciatic 
trunk. W ithin certain time limits, the time in­
terval between trauma and repair was not of 
fundamental importance in prognosis.
Sciatic injuries, associated with fractures of 
the base of the acetabulum, were treated by 
neurolysis showed scarcely any regeneration; 
apparently, rupture of fibres and hemorrhage 
had produced irreparable injuries in the endo­
neural substance.
Prognosis is better in the more distal 
nerve injury, and in the younger patient. 
Again, timing of the nerve repair is not funda­
mentally important, and delayed repairs with 
initial tissue trauma cleared yield better results 
than primary repairs.—Valdiserri, L. and 
Giachi, L. M .: Paralisi traumatiche dello
sciatico in tempo di pace; considerazioni su 40 
casi operati, O sped. Ital. C hir., 5: 495, 1968.
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A. K. AMIR-JAHED, M.D., M.Sc., F .R .C .S .[C ],t Shiraz, Iran.
Volvulus of an abnormally long small 
intestine with a long and flabby mesentery 
is rare in western countries but not rare 
in eastern countries, especially in areas 
where dietary habits are largely vegetarian. 
In such areas an active general surgeon 
may see a dozen of these patients each 
year. The problem is not only the immedi­
ate care of the patient, but the prevention 
of a recurrence, either of the volvulus or 
of a secondary obstruction on adhesions. 
In a number of these patients I have used 
a relatively simple and effective method of 
mesenteric plication and found it quite 
satisfactory. The purpose of this report is 
to describe the method and discuss its 
advantages over other plication procedures.
Method
After the small-bowel volvulus is re­
duced or resected and the continuity re­
established, the plication is done by a 
series of linear, purse-string sutures on 
the left wall of the small-bowel mesentery 
from close to the ligament of Treitz to 
near the ileocecal valve (Fig. 1). The 
surgeon holds the bowel and the mesentery 
in his left hand, exposing and expanding 
the mesentery on his finger tips; the sutures 
(heavy chromic catgut or silk) are placed 
parallel to the bowel in the intervals of 
the second order of the mesenteric vascular 
arches, roughly at the mid-distance between 
the root of the mesentery and the bowel. 
Care is taken to avoid the vessels. The 
sutures take only the left leaflet of the 
mesentery with some mesenteric fat. Each 
suture is applied to 10 or 20 cm. or more 
of the mesentery according to the desired 
length, thickness and solidity of each plica-
Fig. 1.—(A) A segment of the small bowel and mesentery to show the placement of the sutures. 
Sutures are placed half way between the root of the mesentery and the bowel, taking only the left 
mesenteric wall and avoiding the vessels. (B) Appearance of the bowel after suturing is completed. 
The mesentery is appreciably shortened by the plication and the small bowel, although plicated, 
remains free.
“From the Department of Surgery, Pahlavi Uni­
versity, Shiraz, Iran.
t  Associate Professor, Department of Surgery, Pah­
lavi University, Saadi and Nemazee Hospitals, 
Shiraz.
tion. If the ties appear to be under tension 
or are too loose, they can be reinforced by 
additional sutures above or below to release 
the tension or to tighten the folds.
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At the completion of suturing, the length 
of the mesentery has been reduced to 
about one-third and the side-by-side, stand­
ing plication columns act as a unified 
immobile mesentery. The bowel appears 
folded following the pattern of the mes­
enteric plication but the loops are not fixed 
and have complete freedom of movement.
D iscussion
The Noble plication procedure1 and its 
modification2-4 are basically for recurrent 
small-bowel obstruction and aim to plicate 
the small bowel in more or less a rigid 
pattern. The mesenteric plication described 
in this paper, although it can be used to 
prevent subsequent obstruction on adhe­
sions, is used primarily to prevent recur­
rent small-bowel volvulus. The merit of 
this procedure is that it prevents volvulus 
by shortening and solidifying the long, 
pliable mesentery and not by fixing the 
bowel. The Noble procedure and its modi­
fications are not without complication; 
perforation, fistula formation between the 
plicated loops of bowel and postprandial, 
crampy abdominal pain have all been re­
ported.2’ 5 These complications are largely 
the result of placing the sutures directly 
on the intestinal serosa or on the mesentery 
but still too close to the bowel. Indeed by 
staying away from the bowel during 
suturing the surgeon can avoid postoper­
ative complications as Ferguson, Reihmer 
and Gaspar3 have demonstrated. As the 
segmentation and pendular movements of 
the bowel are somehow interfered with 
when the loops are fixed side-by-side, the 
ideal operation would effect the plication 
through the mesentery only, leaving the 
bowel itself untouched.
On the other hand, including both leaves 
of the mesentery in the plication could 
compress the vessels and interfere with 
the circulation. Since the purpose is to 
exclude both vascular and mechanical com­
plications, suturing one side of the mesen­
tery and leaving the opposite side intact 
to accommodate the vessels seems ideal. 
Furthermore, mesenteric plication, as de­
scribed here, is a simple procedure that 
requires no special instruments and can be 
done in a short time. This procedure may
also be individualized according to the 
extent of shortening and fixation desired 
or may even be practised on one redundant 
segment alone in preference to resection. 
Our follow-up is too short to allow com­
ment on long-term postoperative compli­
cations, but so far observations indicate 
that complications with this operation wid 
be fewer than with other plication methods.
Su m m a r y
A simple, practical method of effecting 
small-bowel plication is described. The 
advantages of this plication over other 
known plication procedures are its greater 
simplicity and applicability, and fewer 
postoperative complications.
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R esume
A l’inverse de I’Amerique du Nord, les cas de 
volvulus d’intestin grele redondant, avec mesen­
tere long et flasque, sont assez frequents dans les 
pays de l’Est. Devant cette pathologie, le chirur- 
gien se trouve confronte par deux problemes: le 
traitement immediat du patient et la prevention 
des recidives. Ils peuvent etre tous deux resolus 
par une nouvelle methode therapeutique, dans 
laquelle on pratique la plicature du mesentere 
apres resection ou reduction du volvulus. On 
effectue la plicature au moyen d’une serie de 
sutures en “cordon de bourse”, faits avec un 
catgut chrome de fort calibre ou de la soie et 
qu’on place sur le feuillet gauche du mesentere, 
parallelement a l’intestin, a mi-chemin entre la 
racine du mesentere et 1’intestin, en laissant de 
cote la paroi opposee du mesentere et en evitant 
les vaisseaux. De cette fagon. les anses intesti- 
nales, bien que repliees, restent fibres. Cette me­
thode qui ne requiert aucun instrument special, 
est simple et sure et evite les complications dont 
sont grevees les autres methodes de plicature, 
complications qui sont attribuables en grande 
partie au fait cfe suturer la sereuse intestinale et 
de fixer l’inte'stin.
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should be marked “The Canadian Journal of 
Surgery” and addressed to the Editor, C.M.A. 
Publications, 129 Adelaide Street West, Toronto.
The Journal is published quarterly. Subscrip­
tion is $10 per year ($ 5  per year for trainees 
in surgery), and starts with the January issue 
of each year. Single copies are $2.50 each, pay­
able in advance. (I t  would be greatly appre­
ciated if subscribers would please add bank 
exchange to their cheques.)
INSTRUCTIONS TO CONTRIBUTORS  
Manuscripts
Manuscripts in duplicate of original articles, 
case reports, and other contributions should 
be forwarded with a covering letter re­
questing consideration for publication in The 
Canadian Journal o f Surgery. Acceptance 
is subject to the understanding that they 
are submitted solely to this Journal, and 
will not be reprinted without the consent 
of the author and the publishers. Accept­
ance or rejection of contributions will be 
determined by the Editorial Board. As 
space is available, a limited number of 
case reports will be published. Articles 
should be typed on one side only of un­
ruled paper, double-spaced, and with wide 
margins. The author should always retain a 
carbon copy of material submitted. Every 
article should contain a summary of the 
contents. The Concise Oxford Dictionary 
will be followed for spelling. Dorland’s 
Illustrated Medical Dictionary will be fol­
lowed for scientific terminology. The Edi­
torial Board reserves the right to make the 
usual editorial changes in manuscripts, in­
cluding such changes as are necessary to en­
sure correctness of grammar and spelling, 
clarification of obscurities or conformity 
with the style of T he Canadian Journal o f 
Surgery. In no case will major changes be 
made without prior consultation with the 
author. Authors will receive galley proofs 
of articles before publication, and are asked 
to confine alterations of such proofs to a 
minimum.
Reprints
Reprints may be ordered on a form which 
will be supplied with galley proofs. It is 
important to order these before publication 
of the article, otherwise an extra charge 
for additional type-setting will be made.
R eferences
References should be referred to by numer­
als in the text. They should include in 
order: the author’s name and initials in capi­
tals, title of the article, abbreviated journal 
name, volume number, page number and 
year. The abbreviations of journal names 
should be those used by the National 
Library of Medicine, Washington, D .C., as 
published in Index M edicus. References to 
books should include in order: author’s 
name and initials, title of book, number of 
edition (e.g. 2nd ed .), title of publishing 
house, city of publication, year of publica­
tion, page number if a specific reference.
Illustrations
A reasonable number of black-and-white 
illustrations will be reproduced free with 
the articles. Colour work can be published 
only at the author’s expense. Photographs 
should be glossy prints, unmounted and 
untrimmed, preferably not larger than 10" 
x 8". Prints of radiographs are required 
and not th e originals. The magnification of 
photomicrographs must always be given. 
Photographs must not be written on or 
typed on. An identifying legend may be 
attached to the back. Patients must not be 
recognizable in illustrations, unless the 
written consent of the subject for publica­
tion has been obtained. Graphs and dia­
grams should be drawn in India ink on 
suitable white paper. Lettering should be 
sufficiently large that after reduction to 
fit the size of the Journal page it can still 
be read. Legends to all illustrations should 
be typed separately from the text and sub­
mitted on a separate sheet of paper. Illustra­
tions should not be rolled or folded.
Language
It should be clearly understood that con­
tributors are at full liberty to submit 
articles in either English or French, as they 
please. Acceptance will be quite independ­
ent of the language of submission. If  the 
contributor wishes, he may submit an in­
formative summary of not more than 300 
words in the language other than that in 
which he has submitted the article. For 
example, an article in English must carry 
an English summary and may, if the author 
wishes, carry a more detailed summary in 
French.
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devra porter la mention “Le journal canadien de 
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chirurgie) et commence avec le numero de 
janvier de cbaque annee. Un exemplaire isole 
coute $2.50 et est payable d’avance. (Nous 
serions reconnaissants aux souscripteurs de vou- 





Les manuscrits d’articles originaux, de rap­
ports cliniques etc. seront envoyes en deux 
exemplaires, accompagnes d’une lettre deman­
dant qu’on veuille bien considerer leur publica­
tion dans L e  journal canadien de chirurgie. Iis 
ne seront acceptes qu’a la condition qu’ils 
n’aient ete soumis qu’a notre Journal et qu’ils 
ne soient pas reimprimes sans le consentement 
expres de l’editeur et l’auteur. L ’acceptation 
ou le refus des articles soumis releve du Con- 
seil de la publication. Si la place est disponible, 
un nombre limite d’histoires cliniques pourront 
etre publies. Les articles seront dactylographies 
sur un seul cote d’un papier non ligne, a double 
espace et avec line large marge. L’auteur devra 
toujours conserver une copie au papier carbone 
du texte soumis. Tout article devra titre ac- 
compagne d’un resume. L’orthographe sera 
celle adoptee par le dictionnaire Larousse. 
Quant a la terminologie scientifique, elle sera 
basee sur le Dictionnaire des termes techniques 
de medecine ou tout autre ouvrage de refe­
rence serieux. Le Conseil de la publication se 
reserve le droit d’apporter au texte les change- 
ments qu’il jugerait a propos pour assurer la 
correction grammaticale et l’orthographe, pour 
eliminer d’eventuelles obscurites ou pour ren- 
dre la presentation conforme au style du Jour­
nal canadien d e  chirurgie. Aucun changement 
important ne sera apporte au texte sans que 
l’auteur ait ete prealablement consulte. Les 
auteurs recevront avant la publication des 
epreuves d’imprimerie de leur texte, auxquelles 
ils sont pries d’apporter le minimum de correc­
tions.
Tires-d-part
On pourra commander des tires-a-part sur 
une formule qui est envoyee avec les epreuves. 
II est important de les commander avant la 
publication de 1’article, sous peine de devoir 
payer un supplement pour une nouvelle com­
position.
Bibliographic
Les references bibliographiques seront indi- 
quees par des numeros dans le corps du texte. 
Elies comprendront dans 1’ordre: le nom de 
l’auteur et ses initiales, en majuscules, le titre 
abrege du Journal, le numero du volume, le 
numero de la page et l’annee. Les abreviations 
admises pour les noms de revues sont celles qui 
figurent dans I’lndex Medicus de la Biblio- 
theque Nationale de Medecine, Washington, 
D.C. Les renvois aux livres comprendront 
dans l’ordre: le nom de l’auteur, ses initiales, 
le titre de l’ouvrage, le numero de l’edi- 
tion (p. ex. 2eme ed.). le nom de la 
maison d’edition, la ville ou elle est situee et 
1’annee de la publication; enfin, le numero de 
la page s’il s’agit d’un renvoi precis.
Illustrations
Le journal accepte de publier gratuitement 
un nombre raisonnable d’illustrations en non­
et blane. Les reproductions de cliches en cou- 
leurs seront publiees aux frais de l’auteur. Les 
photographies seront imprimees sur papier bril- 
lant, ne seront ni montees ni calibrees et d’un 
format maximum de 8" x 10". En ce qui con- 
ceme les radiographies, nous demandons des 
copies et non pas t'original. On devra toujours 
fournir un agrandissement de microphoto­
graphies. II ne faut jamais ecrire ou dactylo- 
graphier un texte quelconque sur les photo­
graphies. Une legende les identifiant pourra 
etre jointe au dos. Dans les illustrations mont- 
rant des malades, ceux-ci ne pourront etre 
reconnus, a moins qu’ils n’en aient donne le 
consentement ecrit prealablement a la publica­
tion. Les graphiques et diagrammes seront des- 
sines a 1’encre de Chine sur un bon papier a 
dessin blanc. Le lettrage devra titre ecrit en 
caracteres assez grands pour que, apres reduc­
tion proportionnelle au format du Journal, ils 
soient encore lisibles. Les legendes devant 
accompagner les illustrations seront dactylo­
graphies sur une feuille independante du 
texte. Les illustrations ne seront ni roulees ni 
pliees.
Langue vehiculaire
II doit etre clairement etabli que les colla- 
borateurs ont pleine liberte de soumettre leurs 
articles en frarxjais ou en anglais, a leur choix. 
L’acceptation de 1’article sera entierement inde­
pendante de la langue choisie par 1’auteur. Si 
le collaborates le desire, il peut decrire le 
contenu de l’article en un sommaire ne depas- 
sant pas 300 mots et dans une langue differente 
de la langue choisie pour l’article lui-meme. 
Par exemple, un article ecrit en francais doit 
comporter un resume en franpais et peut, si 
1’auteur le desire, etre accompagne d'un som­
maire plus detaille en anglais.
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B O O K  R E V I E W S
CERVICAL SPONDYLOSIS AND ITS NEURO­
LOGICAL COMPLICATIONS. Bernhard H. 
Smith. 231 pp. Illust. Charles C Thomas, 
Publisher, Springfield, 111.; The Ryerson Press, 
Toronto, 1968. $14.50.
This monograph, a summary of current con­
cepts of cervical spondylosis, reflects to some 
extent the confusion regarding the patho­
genesis of this syndrome as well as its bound­
aries. The section on the anatomy of the 
cervical spine and cord is well written. It is 
clearly illustrated and contains up-to-date 
references.
The author does not discuss a personal 
series but relies on those published in the 
literature.
The radiographs are not of outstanding 
quality and they are somewhat repetitious. 
Laminography and discography are not illus­
trated and are poorly discussed.
The author is a neurologist but his presen­
tations of the operative indications and ap­
proaches are among the better sections of the 
book. On the whole, it can be recommended 
to all neurologists and neurosurgeons.
CRYOSURGERY. Edited by Robert W. Rand, 
Arthur P. Rinfret and Hans von Leden. 428 pp. 
Illust. Charles C Thomas, Publisher, Spring- 
field, III.; The Ryerson Press, Toronto, 1968. 
$31.75.
This book is based mainly on a symposium on 
cryosurgery held at the University of Cali­
fornia, Los Angeles in March 1967. The first 
part of the book deals with investigations in 
basic cryobiology and the second with experi­
mental and clinical studies in cryosurgery.
The section on basic investigations deals 
with the preservation aspects of cryobiology 
and contains chapters on the physical-chemical 
factors underlying cell injury in freezing, and 
enzyme histochemistry. An interesting chapter 
describes the production of antibody during 
freezing of tissue—a process which may be 
similar to that which occurs during the elec­
trocoagulation of tumour tissue. The chapter 
on the engineering aspects of cryosurgery 
contains all the necessary information on 
presently available equipment.
The second part on applied cryosurgery for 
tissue destruction presents an interdisciplinary 
approach. There is a preponderance of neuro­
surgery, mainly cryohypophysectomy and cryo- 
thalamectomy. One chapter explains the use 
of cryosurgery in ophthalmology where it is a 
widely accepted form of therapy for catar­
acts, and to a lesser degree for retinal detach­
ment and intraocular tumours. The remainder 
deals with its use in accessible lesions of the 
head and neck, the prostate, the uterine cervix, 
skin, and benign and malignant tumours.
Cryosurgery is safe, simple and combines 
the advantages of anesthesia, localized de­
struction and coagulation of tissue with little 
or no hemorrhage. New technological advances 
have made cold a versatile therapeutic modal­
ity. However, as noted by several authors, it 
should only be used in selected patients and 
its efficacy should be carefully evaluated.
On the whole, this book is well organized, 
has clear illustrations and will serve as a good 
basic reference for those interested in the 
clinical application of freezing temperatures to 
tissue destruction.
DIAGNOSTIC BRONCHOSCOPY. An Introduc­
tion. Peter Stradling. 104 pp. Illust. E. & S. 
Livingstone Ltd., Edinburgh and London; The 
Macmillan Company of Canada Limited, Tor­
onto, 1968. $9.75.
Although the need for a monograph on diag­
nostic bronchoscopy might be questioned, this 
one by Peter Stradling seems to have been 
long overdue. It contains chapters on manipu­
lating the bronchoscope, normal bronchial and 
bronchoscopic anatomy, inflammatory and 
associated changes, bronchial distortion and 
displacement, tumours, taking specimens, and 
miscellaneous conditions, for example, foreign 
bodies, bronchial bleeding, sarcoidosis, radia­
tion changes and tracheal trauma. The miscel­
laneous conditions described are not meant to 
be exhaustive, but are included to “whet the 
appetite”.
The author’s description of the technique 
of bronchoscopy, which is excellent for the 
student and postgraduate trainee, includes tid­
bits of information usually passed on only by 
word-of-mouth by various teachers during a 
long apprenticeship. The author, a physician, 
pays tribute in the preface to two of his former 
teachers, both thoracic surgeons.
The unique part of this monograph, how­
ever, is the reproduction of 132 colour plates 
taken with French photographic equipment at 
bronchoscopy. Annotated drawings are pro­
vided with each plate along with inverted 
plans of the bronchial tree, with an arrow 
added to indicate the direction in which the 
telescopic objective lens was pointing when 
the picture was taken.
This is an excellent book making use of a 
newer visual aid in illustration. It should be 
considered an essential for every medical 
library and should be available to students 
of bronchoscopy and consultants interested in 
lung disease.
DIE GESUNDE UND DIE KRANKE W IRBEL- 
SAULE IN RONTGENBILD UND KLINIK. 
Georg Schmorl and Herbert Junghanns. 556 pp. 
Illust. Intercontinental Medical Book Corp., New 
York; Georg Thieme Verlag, Stuttgart, West 
Germany, 1968. DM 110,00. $29.90 (approx.).
This book on the spinal column in health and 
disease was first published by Schmorl in 1932.
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The present fifth edition has been edited by 
Dr. H. Junghanns, surgeon-in-chief of an acci­
dent hospital and head of an institute for 
research related to the spinal column in Frank­
furt. The book begins with a thorough review 
of the development and growth of the spinal 
column, the normal anatomy and function. 
The next chapters deal with variations and 
malformations of the spinal column, genetic 
diseases and pathology of the intervertebral 
discs. A whole chapter is devoted to the patho­
physiology and clinical aspects of the various 
mechanisms associated with the complicated 
motions of the spinal column. Other chapters 
deal with injuries and infections, tumours and 
with deviations from the normal curvature.
The book is well written, well illustrated 
and has an extensive bibliography. It can be 
recommended to any practitioner who deals 
with abnormalities of the spinal column.
INTESTINAL ANTISEPSIS. Isidore Cohn, Jr. 
245  pp. Illust. Charles C Thomas, Publisher, 
Springfield, 111.; The Ryerson Press, Toronto, 
1969. $21.00.
The author, Isidore Cohn, Jr., has had a long 
and active interest in the problem of intestinal 
antisepsis, and has published many experi­
mental papers on this and related subjects. 
This book compiles the research directly re­
lated to intestinal antisepsis and relates it in 
an organized and effective fashion. There is 
a complete discussion of various antimicrobial 
agents used for producing intestinal antisepsis 
and the author speculates on the advantages 
and dangers of using these agents.
While the use of antimicrobial agents before 
gastrointestinal surgery has not been univer­
sally accepted, this book is valuable because 
it presents the available information on this 
topic in a pleasant, easily readable and in­
formative style.
LIV ER  BIOPSY INTERPRETATION. Peter J. 
Scheuer. 138 pp. Illust. Bailliere, Tindall & 
Cassell Ltd., London; The Macmillan Company 
of Canada Limited, Toronto, 1968. $13.75.
This profusely illustrated book is particularly 
timely. Liver biopsies, especially needle bi­
opsies, are of little help to the clinician and 
the patient if their histologic appearance is 
not interpreted by someone who has acquired 
special skill in handling these small and often- 
fragmented pieces of liver tissue. The author 
has achieved an international reputation in 
this field and his book is based on his large, 
practical experience. He makes no attempt to 
describe the whole field of liver pathology, 
but describes the range of appearance in dif­
ferent liver diseases as seen in biopsy material 
and stresses the particular problems encoun­
tered in the interpretation of minute frag­
ments, which sometimes do not represent the 
whole organ. This small book should be most 
useful to the diagnostic histopathologist and
to the clinician whose patients undergo liver 
biopsy. Only two short chapters, one on his­
tological technique and one on the ultrastruc­
ture of normal liver, do not contain new and 
interesting information.
MODERN TRENDS IN OPHTHALMOLOGY. 
4th series. Edited by Arnold Sorsby. 272 pp. 
Illust. Butterworth & Co. (Publishers) Ltd., 
London; Butterworth & Co. (Canada) Ltd., 
Toronto, 1967. $15.75.
Dr. Sorsby is the author of the four volumes 
of “Modern Ophthalmology”, texts well known 
to ophthalmologists around the world. This 
new, small volume of 258 pages consolidates 
and reviews some of the newer clinical entities 
and concepts in the ophthalmological liter­
ature. The author has assembled a group of 
Anglo-Americans, leaders in this field, to con­
tribute to this text. For anyone who has been 
following the literature, there is nothing new 
in this book and, in some instances, even 
newer techniques have appeared to replace 
those mentioned in this text. For example, the 
chapter on fluorescence retinal photography 
has been more fully presented in several 
articles in the literature.
The text may be useful as a resident’s re­
view, but the practising academic ophthalmolo­
gist would probably not gain much from it.
NOUVEAU TRAITE DE TECHNIQUE CHIRU- 
GICALE. Tome X. CEsophage — Estomac — 
Duodenum—Diaphragme. R. Devin, J. Lataste 
et P. Maillet. 720 pp. Illust. Masson & Cie, 
Paris, 1968. Price not stated.
Ce volume represente une encyclopedic re- 
marquable des differentes techniques chirur- 
gicales modemes utilisees dans le monde, 
classifies selon les conditions pathologiques 
variees affectant ces structures.
II faut d’abord mentionner la qualite excep- 
tionnelle des illustrations tres nombreuses 
qui facilitent la comprehension rapide d’une 
certaine procedure. Chaque etape operatoire 
importante est mise en evidence par une illus­
tration precise et detaillee.
Ces illustrations completent un texte ecrit 
avec soin et exactitude. Chacun des sujets est 
introduit par un expose bref et concis de ses 
caracteristiques particulieres. Puis les diffe­
rentes techniques chirurgicales sont decrites 
avec precision prenant soin de mettre les 
details importants en evidence en se servant 
de caracteres varies. On y trouve aussi quel- 
ques dissertations a propos de complications 
importantes que peuvent suivre certaines 
operations.
Les bibliographies sont assez limitees mais 
tres appropriees. La presentation de ce volume 
est exceptionnelle. Les divisions sont degag6es, 
bien en evidence, la reliure et l’imprimerie 
sont impeccables. la table des matieres est tres 
detaillee et rapide a consulter.
Ce “Nouveau traite de technique chirurgi-
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eale”, volume de 720 pages, publie sous la 
direction des professeurs Jean Patel et Lucien 
Leger est une oeuvre remarquable qui se classe 
parmi les meilleures publications de techniques 
chirurgicales. Chirurgiens en puissance et 
chirurgiens chevronnes voudront faire de ce 
volume une source de reference tres appre- 
ciee.
PEDIATRIC HEAD INJURIES. John Mealey, 
Jr. 243 pp. Must. Charles C Thomas, Pub­
lisher, Springfield, 111.; The Ryerson Press, 
Toronto, 1968. $12.50.
This book gives an adequate summary of 
generally accepted approaches to head injury 
in childhood. It is more detailed than the 
medical student or general practitioner will 
require. The presentation of recent develop­
ments and physiological background is cursory 
and unlikely to present any new data or con­
cepts to the practising neurosurgeon. The 
illustrations are not particularly representative 
of the conditions discussed. While the biblio­
graphy is excellent, the author presents his 
information in tables drawn from a relatively 
small group of personal cases rather than the 
currently available larger and more authorita­
tive series. The text is clear, but the interjec­
tion of detailed case histories adds little and 
is something o f an anachronism in a mono­
graph of this type. The book is recommended 
only for those with a special interest in this 
field.
PRAXIS DER INTENSIVBEHANDLUNG. Ed­
ited by Peter Lawin. Various contributors. 485 
pp. Must. Intercontinental Medical Book Corp., 
New York; Georg Thieme Verlag, Stuttgart, 
West Germany, 1968. DM  80,00. $21.75
(approx.).
The contributors to this book, anesthetists and 
other specialists involved in the care of patients 
in an intensive care unit, describe the organi­
zation of these units, the type of patients 
admitted, the equipment used for monitoring, 
laboratory investigations and sterilization. 
Separate chapters are devoted to intravenous 
therapy, blood transfusions, induced hypo­
thermia, acid-base balance and acute changes 
of the carbohydrate metabolism. The indica­
tions for and the use o f respirators are dis­
cussed in detail. Patients suffering from both 
medical and surgical diseases are admitted to 
an intensive care unit, including those suffer­
ing from shock, hemorrhage, peritonitis, renal 
insufficiency, cranial-cerebral trauma, burns, 
intoxications, tetanus, eclampsia and various 
cardiac and neurological conditions. The 
special aspects of the care o f pediatric patients 
are discussed briefly and attention is drawn 
to the problems associated with prolongation 
of life and the definition of death. The book, 
which appears to have been written by prac­
titioners for practitioners, provides a complete
coverage o f the present state of the art. 
Developments in intensive care are rapid as 
more sophisticated methods becom e available. 
It is hoped therefore that this book will be 
updated from time to time and that new edi­
tions will appear at regular intervals.
PROGNOSTIC FACTORS IN BREAST CAN­
CER. Proceedings of First Tenovus Symposium, 
Cardiff, 12th-14th April, 1967. Edited by A. P. 
M. Forrest and P. B. Kunkler. 482 pp. Must. 
E. & S. Livingstone Ltd., Edinburgh and Lon­
don; The Macmillan Company of Canada Lim­
ited, Toronto, 1968. $11.25.
This volume represents the proceedings o f the 
First Tenovus Symposium held in Cardiff, 
Wales, in April 1967. The contributors are 
chiefly British and North American (two are 
Canadian, M. Vera Peters and J. W . Meakin), 
but some are from northern Europe.
The 38 papers are collected into seven 
groups: natural history of breast cancer, local 
treatment in primary breast cancer, adjuvant 
treatment in primary breast cancer, treatment 
o f metastatic breast cancer, early diagnosis, 
tumour-cell kinetics and biology, and hormones 
and breast cancer. Most of tbe presentations 
represent either retrospective surveys o f well- 
analyzed material or reports of prospective 
clinical trials. Consequently, the purpose o f 
each is to provide insight into an aspect o f 
the disorder, breast cancer. In this the book 
succeeds admirably.
The discussion and summing-up periods are 
included, but these sections are weaker than 
the formal papers.
The book is highly recommended to all 
who deal with breast cancer, but not as a 
textbook, for it is not organized in the 
traditional way. Rather it is a stimulating 
report o f the newer ideas in breast cancer 
and the basis for them. It is well worth the 
price.
A SECOND PORTFOLIO OF CHEST RADIO ­
GRAPHS. For Undergraduate and Postgraduate 
Students. B. T. Le Roux and T. C. Dodds. 
444 pp. Must. E. & S. Livingstone Ltd., Edin­
burgh and London; The Macmillan Company 
of Canada Limited, Toronto, 1968. $16.00.
Dr. Le Roux and Mr. Dodds, a thoracic sur­
geon and a medical photographer, have com ­
bined to assemble a second portfolio o f chest 
radiographs. This book, which follows their 
first book entitled “A Portfolio o f Chest 
Radiographs” , contains an entirely new set o f 
reproductions o f over 900 individual chest 
radiographs. The reproductions are generally 
of high quality, a credit to the authors and 
the publisher. Each figure has a complete 
legend which describes the clinical features, 
surgical findings and significant pathologv.
The chapters cover a wide variety o f chest 
conditions, both medical and surgical, but are 
oriented towards the surgical. There are chap-
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ters on trauma, empyema, inflammatory dis­
eases of the lung, pneumoconiosis, sarcoidosis, 
bronchial carcinoma and adenoma, pulmonary 
metastases, vascular lesions and esophageal 
abnormalities, among others. In general, the 
text accompanying these chapters is skimpy 
and, with the exception of that which accom­
panies the chapters on empyema, broncho­
genic carcinoma and esophageal lesions, might 
better have been omitted entirely. In some 
chapters there is a lack of continuity between 
material discussed and the illustrations that 
follow: thus, in the chapter entitled “Diffuse 
Interstitial Pulmonary Fibrosis”, the authors 
begin with an acknowledged member of this 
class—idiopathic pulmonary fibrosis, but con­
clude with several examples of bullous and 
subcutaneous emphysema, conditions far re­
moved.
Dr. Le Roux’s style though easy to read is, 
at times, difficult. Furthermore, refreshingly 
provocative statements occasionally yield to 
questionable dogmatism. Thus, few North 
American radiologists would agree with the 
following: “It cannot be too strongly empha­
sized that the demonstration of obstruction 
in named segmental and lobar bronchi is by 
bronchoscopy—tomography and bronchography 
are superfluous since they are too easily liable 
to misinterpretation”, or that “the purpose of a 
bronchogram is to demonstrate dilated bron­
chi”, or bronchography is “not regarded as 
contributory in establishing the diagnosis of 
bronchial carcinoma”.
The second portfolio is not intended to be, 
nor does it meet the requirements of, a text­
book. It  is unsuitable for the undergraduate 
student, but postgraduate trainees in diag­
nostic radiology or thoracic surgery should 
find the book interesting because if demon­
strates a variety of thoracic conditions. Any 
physician who is interested in chest radio­
graphy will enjoy the book as “pleasure” 
reading. This is the main area in which the 
portfolio is recommended.
SOLITARY METASTASES. Philip Rubin and
Terold Green. 251 pn. Illust. Charles C Thomas,
Publisher, Snringfield, 111.; The Ryerson Press,
Toronto, 1988. $17.75.
This 251-page book by two radiotherapists 
will interest any doctor involved directly or 
indirectly in fhe management of cancer 
victims, but will be of most value to the 
surgeon, radiologist and pathologist.
It  brings a clear, objective analysis to a 
subject about which most clinicians have 
some impressions but lack strong support for 
their opinions about the proper management 
of metastatic disease. Most readers will prob­
ably find objective evidence to back up some 
of the opinions they now hold but will have 
certain convictions shaken by statistical proof 
that some of their views have no valid support.
The nine chapters give a clear picture of
the behaviour of malignant disease and how 
the prognosis of a tumour may be determined 
by the site of the primary lesion, and also 
the site of the secondary tumour.
The author, using the terms “precocious, 
synchronous and metachronous” metastases, 
relates the time at which the metastasis is 
first demonstrated with the ultimate prog­
nosis.
The management of each type of tumour 
is discussed and the reader receives a clear 
picture of the relative merits of surgical 
excision, radiation and chemotherapy in a 
given situation. There are abundant tables 
and thorough statistical documentation cover­
ing each facet of the subject, yet the reader 
is not overwhelmed by these. Indeed, the book 
is very readable. The excellent summaries at 
the end of each chapter make it a ready 
source of reference. The complete bibliography 
provides added references for the more inter­
ested reader.
The chapter on “The Formation of a Meta­
stasis” is especially interesting because it gives 
a clear account of the basic pathology which 
can be easily understood even by doctors not 
familiar with the basic scientific research.
This book will be more useful to the prac­
tising specialist than to the medical student 
but is a useful reference for any doctor.
SPINAL CORD INJURY. Vladimir Benes. 202 
pp. Illust. Bailliere, Tindall & Cassell Ltd., 
London; The Macmillan Company of Canada 
Limited, Toronto, 1968. $7.25.
This book reviews the epidemiology, chro­
nology and subsequent problems of injury to 
the back with particular reference to injuries 
of the spinal cord. It is the result of a long 
and fruitful study of spinal-cord injuries by 
Dr. Benes of the Charles University, Prague. 
In it, he relates the current state of care of 
the paraplegic patient in its historical per­
spective and the recent (post-YVorld War II) 
increase in interest in these problems. To the 
review of past medical thought relative to the 
difficulties in the management of patients 
with spinal-cord injuries, Dr. Benes brings 
long years of expertise and a familiarity with 
most of the available literature on the manage­
ment of spinal-cord injury. In his discussion 
he comments upon injuries and the immediate- 
care problems but spends most of his time 
upon rehabilitation and reconstruction of the 
paraplegic’s ability to live in a complex, 
civilized world. His views on rehabilitation 
and on the social, psychologic and occupa­
tional-therapy aspect of management of the 
paraplegic are outstanding and certainly in 
keeping with current medical-sociologic 
thought.
Although translational difficulties have 
created syntax that is somewhat cumbersome 
and awkward, this book is nevertheless an 
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library of everyone who treats the injured 
patient. It holds no special neurologic or 
surgical brief for any particular mode of ther­
apy but presents the reader with a broad 
exercise in judgment and reviews the topic 
with the breadth of a scholar and a competent 
surgeon.
THE SURGEON’S RESPONSIBILITY. John R. 
Derrick. 121 pp. Charles C Thomas, Publisher, 
Springfield, 111.; The Ryerson Press, Toronto, 
1968. $6.00.
In this small book the author sets forth his 
personal thoughts and observations on the 
surgical scene of con temporary mid-century 
America. He expresses his reflections on the 
philosophy of surgery and on the reasons for 
its selection by young men as a field of 
endeavour. Current surgical ethics receive 
consideration as well as the role of surgery 
in our society. The book contains a series of 
philosophic musings upon surgery in general 
and on its various specialties. The author 
includes anecdotes of past surgical “greats” 
and references to his own experience as a 
surgeon, investigator and teacher.
Surgeons, and perhaps some medical stu­
dents, will find this a pleasantly readable book 
and it deserves a place in the thoughtful sur­
geon’s library.
SURGERY FOR THORACIC DISEASE. An Out­
line. Robert R. Shaw. 141 pp. Charles C 
Thomas, Publisher, Springfield, HI.; The Ryer­
son Press, Toronto, 1968. $8.50.
Although the author prepared this 134-page 
booklet as an aid for the medical student, it 
covers, in a broad sense, all aspects of any 
disease of the chest that may demand surgical 
intervention. It covers historical background 
(where relevant), the etiology, signs and 
symptoms, diagnosis, and pathology and gives 
an outline of the treatment required—both 
medical and surgical. The medical manage­
ment is given prominence where this is the 
management of choice. The author also gives 
a prognosis for both the disease and any pro­
cedure that may be required, for example, 
the morbidity and mortality for tracheostomy, 
lobectomy, etc.
Because these figures can be used to com­
pare relative risks when these surgical pro­
cedures are being considered, this book is a 
valuable resource for any physician who en­
counters and deals with chest diseases.
The author has undoubtedly avoided con­
troversy but gives a short and important 
bibliography at the end of each chapter to 
assist the reader who wishes to obtain more 
detailed information.
The book is easy to read; it is suitable for 
students, interns, and residents and as a ready 
reference for office practice.
SURGERY IN INFANCY AND CHILDHOOD. 
2nd ed. W. M. Dennison. 597 pp. Illust. E. & 
S. Livingstone Ltd., Edinburgh and London; 
The Macmillan Company o f Canada Limited, 
Toronto, 1967. $11.25.
This is the second edition of a British text 
on pediatric surgical problems. In the preface 
the author describes it as a handbook designed 
primarily for students, house staff and family 
physicians and says that it is not meant to 
be a reference book for surgeons.
In general, the text is clearly written and 
easy to read. Most of the illustrations are 
excellent; unfortunately, there is some dupli­
cation in different parts of the text and the 
author has illustrated rare conditions that 
could easily have been omitted.
A number of important surgical problems 
are discussed in separate areas of the text. 
The presentation of such material could have 
been improved by putting it all in the same 
section.
The book is comprehensive and there are 
only a few major omissions, chiefly trache­
otomy, genitourinary trauma and chemical 
injuries to the esophagus. In general, abdom­
inal trauma is not well presented nor is ob­
structive jaundice. Most other topics are well 
presented and their major clinical features are 
adequately described.
The bibliography is up to date although, 
in a number of areas, some useful references 
have been omitted. In a handbook, one might 
expect that the text would be brief but that 
a rather more generous bibliography would be 
provided for those who require more informa­
tion.
This book should be useful in hospital 
libraries where it can be used as a quick 
reference by house staff and visiting physi­
cians who only occasionally encounter pedi­
atric surgical problems.
SURGERY OF THE ACUTE ABDOMEN. 2nd 
ed. John A. Shepherd. 741 pp. E. & S. Living­
stone Ltd., Edinburgh and London; The M ac­
millan Company of Canada Limited, Toronto, 
1988. $17.75.
This book has been written by a man who 
obviously has had extensive clinical experience 
in treating patients with acute abdominal 
symptoms. The organization of the material 
indicates an orderly approach to treatment. 
Although the author includes rare conditions, 
he emphasizes the diagnosis, treatment and 
surgical details of the common problems. Each 
section includes numerous helpful details con­
cerning methods of examination, treatment 
or surgical technique, which are too seldom 
included in textbooks and which are more 
associated with resident teaching rounds. For 
this reason particularly, surgeons-in-training 
should find this book of great value. There 
are excellent reproductions of illustrative 
radiographs and colour reproduction of some 
interesting pathological specimens.
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SURGERY OF THE HEAD AND NECK. A 
Handbook of Operative Surgery. 3rd ed. Robert 
A. Wise and Harvey W. Baker. 379 pp. lllust. 
Year Book Medical Publishers, Inc., Chicago, 
1968. $12.10.
This handbook follows the format of other 
books in this series, “Handbooks of Operative 
Surgery”. The first few chapters review the 
examination of the head and neck, and de­
scribe preoperative and postoperative care, 
with special reference to complications that 
arise in this particular region. The next sec­
tion, the surgical care of traumatic lesions, is 
well done, and would be useful to every doctor 
who deals with these emergencies.
The remainder of the text deals with the 
surgical treatment of benign and malignant 
lesions divided into specific regions. Such 
regions as the lip, tongue and parotid gland 
are well covered in the small compass of a 
handbook. The operative technique is well 
outlined, complications and danger points are 
indicated; all in all, the subject is covered 
remarkably well.
A few omissions might be mentioned. There 
is inadequate coverage of radiotherapy of 
lesions of the head and neck, although it is 
mentioned in places. This is a text of “surgery” 
of the head and neck. However, since radio­
therapy is an important method of treatment 
in many lesions, more space could have been 
allotted to this subject. The text does not give 
any account of the pathology, natural history 
or end results of the various procedures out­
lined. Beyond these two reservations, this 
book has accomplished what it set out to do.
This text of operative surgery of the head 
and neck would be useful to surgical residents, 
to any general surgeon who deals with these 
lesions, and indeed to any doctor who may be 
faced with one of the problems so well 
covered in this short monograph.
SURGERY OF REPAIR AS APPLIED TO HAND 
INJURIES. 3rd ed. B. K. Rank, A. R. Wakefield 
and J. T. Hueston. 350 pp. lllust. E. & S. 
Livingstone Ltd., Edinburgh and London; The 
Macmillan Company of Canada Limited, Tor­
onto, 1968. $12.00.
Once again, Drs. Rank and Wakefield have 
produced an inspiring and exemplary new 
third edition of their valuable text, detailing 
the principles and practice of surgery applied 
to hand injuries. This new edition contains 
an excellent contribution by a new co-author, 
Dr. J. T. Hueston.
In this edition, the authors have “up-dated” 
and expanded the text and added over 100 
new photographs, diagrams and charts. The 
text is authoritative, authentic and carefully 
advises the reader on the hazards and prob­
lems to be anticipated during the manage­
ment of injuries in this complex area.
There is little doubt that every noviciate 
surgeon should have this text not only on 
his shelf but frequently in his hands. The
experienced hand surgeon can also gain new 
ideas, concepts and knowledge concerning the 
management of hand injuries by digesting the 
philosophies presented in this new edition.
SURGICAL AND ALLIED MALPRACTICE. 
Bernard J. Ficarra. 1234 pp. Charles C Thomas, 
Publisher, Springfield, 111.; The Ryerson Press, 
Toronto, 1968. $72.00.
The author obviously intended this book to 
be the medical man’s guide through all legal 
difficulties, a source from which every doctor 
could find an answer to any legal problem he 
met or foresaw. The plan had merit. The book 
begins with a general comment about basic 
medicolegal concepts; more specific comment 
then applies the general comment to work 
done by doctors and discusses medical and 
legal precautions. Hence, the greater part of 
the book is devoted to “general principles of 
surgical care according to regional anatomy 
. . . precautions against legal impediments . . . 
and will stress those surgical areas wherein 
the surgeon may be held liable for malprac­
tice”. An immense amount of writing resulted 
in an unwieldy volume, l lh  x 9 x 2)1, 8 lb. in 
weight, with 1160 pages of text on paper so 
shiny that, in any but a subdued light, one 
must constantly dodge reflections.
The book leaves the impression it was dic­
tated in a rush and never revised. Under 
section headings there may be little informa­
tion about the subject stated while rdlatively 
full information about the same subject may 
be found under another heading elsewhere. 
Throughout the volume are what were intend­
ed to be sentences but have no verbs, others 
with (one infers) key words omitted, sentences 
whose meaning has to be guessed at. Two fair 
samples from the same section are; “Gastric 
freezing is now used as a factual term and finds 
that gastric hypothermia by mechanical means 
is a useful procedure.” “In an evaluation of 
gastric freezing as a definite treatment of vari­
ous manifestations of the peptic ulcer diathesis 
indicates that this method has been employed 
in the treatment of duodenal ulcer, gastric 
ulcer, esophageal ulcer and stenosing eso­
phagitis.”
Principles may be stated— vaguely, and re­
ferred to and applied again and again in con­
secutive sections. Worse, a course of action 
may be advised in one section and later may 
be warned against equally strongly.
If it be true that it takes time to compose 
something pithy, the 14 months that went 
into writing this volume were too few. It 
cannot have been proof read; page after page 
has annoying misprints. The author does not 
use words as sharp tools of precision to trans­
mit thoughts in his writings, words so 
bludgeon thoughts that they can scarcely be 
recognized. Two examples are: “undiagnosed 
acute mediastinitis has been the source of mal­
practice actions with varied deleterious results 
to the patient”; “Appliances . . . irritate . . .
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and are a source of bleeding.” As well, there 
are places where, presumably, what was dic­
tated was transcribed incorrectly and the 
error not caught, e.g. “excessive surgery . . .  is 
wrought (fraught?) with infective complica­
tions” . Prolixities abound: it is said, for ex­
ample, that “the thoracic surgical patient is to 
be treated with the same diligence and con­
sideration as any other individual about to 
undergo major surgery” . Thoracic surgeons 
might perhaps think this advice unnecessary.
Valuable as some of the advice in the 
volume may be to doctors in the United 
States, little of it has value to Canadian doc­
tors. Canadian courts often do not work from 
principles said in this book to be accepted in 
the United States; legal procedures and court 
procedures differ in the two countries; the 
reasons for and the size of court awards are so 
different that no scale of values applicable to 
Canada can be gained from the book. This 
reviewer cannot help wondering if the two 
Supreme Court Judges who wrote Forewords 
ever looked at the book.
In summary, everything of value in this 
book could have been said in two or three 
hundred fewer pages with infinitely greater 
effect. The book cannot be recommended to 
Canadian doctors.
A TECHNIC FOR EXTRACORPOREAL CIRCU­
LATION. Raymond C. Stofer. 115 pp. Illust. 
Charles C Thomas, Publisher, Springfield, 111.; 
The Ryerson Press, Toronto, 1968. $8.00.
In this monograph, Doctor Stofer describes in 
simple language the technique he uses to as­
semble and operate a disc oxygenator for 
extracorporeal circulation.
The manual describes the technique that is 
used for a disc oxygenator system and for this 
reason, in an era when many forms of oxy­
genation are available, it will have a some­
what circumscribed appeal.
However, the book is written in a simple, 
straightforward, well-organized fashion and 
can be recommended for “pump teams” who 
are in the critical stages of setting up an 
extracorporeal circulation program using a disc 
oxygenator. Although it is designed primarily 
for the pump technician, it might be useful to 
the cardiovascular nursing and resident staff.
There is no bibliography and no references 
to other oxygenating systems which currently 
are being used. The index is adequate.
TEXTBOOK OF SURGERY. 2nd ed. Edited by 
David A. Macfarlane and Lewis P. Thomas. 
770 pp. Illust. E. & S. Livingstone Ltd., Edin­
burgh and London; The Macmillan Company 
of Canada Limited, Toronto, 1968. $9.75.
This text fills a gap in our present library of 
surgical textbooks. It is difficult to find a book 
that covers the field of general surgery reason­
ably well without going into too much detail 
in operative technique or complicated surgi­
cal concepts and problems. This is a good
introductory text for undergraduate students. 
It covers a great many surgical conditions in a 
clear and readable fashion. The line drawings 
are excellent and explain items throughout the 
text that are difficult to demonstrate without 
some pictorial representation. Adequate dis­
cussion of physiology and pathology allows a 
good understanding of the lesions considered.
The text is inadequate for anyone who 
aspires to do surgical procedures and is not 
designed for those doing advanced training in 
surgery. However, as an introductory text for 
undergraduate students it is excellent.
THE TRAINING OF SURGEONS IN THE
FUTURE. Sponsored by the Allen O. Whipple
Surgical Society. Various contributors. 188 pp.
Charles C Thomas, Publisher, Springfield, III.;
The Ryerson Press, Toronto, 1968. $10.50.
In this book several prominent surgical edu­
cators discuss problems of surgical education 
within the social context of universal insur­
ance for professional fees. The philosophies 
and attitudes of resident education in both 
community and university hospitals are 
well and succinctly stated. An outstanding 
contribution is that of Charles G. Child of 
Ann Arbor, Michigan, who precisely and 
clearly states the issues. There is a good report 
of the background of the Royal College of 
Physicians and Surgeons of Canada, the 
American Board of Surgery and several ac­
crediting agencies on the North American 
continent. A non-surgieal viewpoint of sur­
gical education in a hospital setting is ex­
pressed by Mr. Harry Schwartz, an associate 
editor of The New York Times. The problem 
pertinent to Canada and the relationship of 
this entire discussion to the Canadian scene 
is reflected in a thoughtful presentation by 
Dr. Eric Nanson of the University of Sas­
katchewan.
This book, a readable exposition of surgical 
education in its social and hospital setting, 
presents a timely discussion of pressing prob­
lems. Because university involvement in gradu­
ate education is increasing rapidly in Canada 
and the United States, this book should be 
read by every individual whose community 
hospital is related to a university and by 
everyone who comes in contact with the sur­
gical educational scene. A clear-cut definition 
of the Canadian teaching unit is presented 
and, although many of the operational prob­
lems are far from solved, the discussion is 
lucid and valuable. Much of the discus­
sion deals with the scene in the United 
States yet much of the social discourse and 
education philosophy is closely related to 
Canadian principles, and will serve to make 
understandable some of the changes currently 
under wav in Canadian surgical education.
This book is a “must” for all practitioners 
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brand of pentazocine (as lactate)
IN D IC A T IO N S
For preoperative m edication, control of post­
operative pain, relief o f pain during labour, and other 
types of pain requiring a potent analgesic. 
A C TIO N S
Analgesic Effect: Talw in relieves pain o f all degrees, 
from mild to severe, in patients w ith  acute and 
chronic disorders, regardless of age or sex. Analgesia 
usually occurs w ith in  1 5 to 30 minutes after intra­
muscular, or 2 to 3 m inutes after intravenous in jec­
tion , and lasts for 3 to 4 hours. A dose of 30 mg. 
administered parenterally is approximately equal in 
analgesic activity to 10 mg. o f morphine or 75 to 
100 mg. of meperidine. In addition to analgesia, 
some degree of sedation has been noted in approxi­
mately one-third o f patients. Results of studies at the 
Addiction Research Center, National Institute of 
Mental Health, PHS Hospital, Lexington, Kentucky, 
showed that the addiction liab ility of Talw in was so 
lo w  that any degree of narcotics control was not 
warranted. There has, however, been the rare report 
o f abuse of Talwin, primarily in patients w ith  a history 
o f drug abuse. Talwin is not classified as a narcotic. 
PR ECAU TIO N S
Because Talw in is a narcotic-antagonist, occasional 
patients addicted to narcotics may experience w ith ­
drawal symptoms. Talw in should be given w ith  
special caution to such persons. Ambulatory patients 
should be warned not to operate machinery, drive 
cars or unnecessarily expose themselves to hazards. 
Adm inister w ith  caution to patients w ith  renal or 
hepatic impairment. The drug should be used w ith  
caution in patients w ith  acute cholecystitis, pancrea­
titis  or those about to undergo biliary surgery as well 
as patients w ith  obstructive uropathy. The use of 
Talw in in patients under tw elve years o f age, or 
women during pregnancy (apart from active labour) 
is not recommended. A small number of newborn 
infants, whose mothers received Talw in during 
labour, were reported to have had transient apnea. 
In prescribing Talw in for chronic use by self­
administration, care should be taken to ensure 
against unnecessary escalation of dosage or admini­
stration in anticipation of, rather than for the relief 
o f pain.
Do not mix Talwin in the same syringe w ith  soluble 
barbiturates since precipitation w ill occur. 
A D VER SE R EACTIO N S
Nausea and vertigo have been noted in approxi­
mately 7% of patients. In decreasing order other 
major effects are vom iting, euphoria, diaphoresis and 
constipation. Respiratory and circulatory depression 
have been seen in less than 1% of patients. In the 
rare case of abuse, abrupt discontinuance may 
precipitate w ithdrawal.
D O SAG E A N D  D U R A TIO N  OF THERAPY
Adults, excluding patients in labour: the average 
recommended single dose for adults is 30 mg. 
depending on the needs of the patient. This dose, 
administered by intramuscular, subcutaneous or 
intravenous injection, may be repeated every three 
to four hours. Pain has been controlled in most 
patients w ith  not more than three doses daily. In 
selected cases, 45 to 60 mg. administered sub­
cutaneously or intramuscularly may be required. 
When discontinuing the drug after frequent, pro­
longed use it may be of value to reduce the dose 
gradually. Patients in labour: A lthough most patients 
in labour have received a single injection of 30 mg. 
intramuscularly, some have obtained adequate pain 
relief w ith  an intravenous injection of 20 mg. This 
latter dose may be given when contractions become 
regular and may be repeated one or tw o times at tw o 
to  three hour intervals as needed.
H O W  SUPPLIED
M ultip le  dose vials o f 10 ml., 30 mg./m l., as lactate 
Ampuls o f 30 mg., 1 m l.; 45 mg. 1 % m l.; 60 mq. 2 ml 
Boxes of 10 and 100 
Full information available on request.




Books are acknowledged as received, but 
in some cases reviews will also be made 
in later issues.
Aging Life Processes. Compiled and edited by 
Seymour Bakerman. 189 pp. Must. Charles C 
Thomas, Publisher, Springfield, 111.; The Ryerson 
Press, Toronto, 1969. $11.75.
Collateral Circulation in Clinical Surgery. Ed­
ited by D. E. Strandness, Jr. 633 pp. Must. W . B. 
Saunders Company, Philadelphia; W. B. Saunders 
Company Canada Limited, Toronto. 1969. $20.00.
The Growth Plate and Its Disorders. Edited by 
Mercer Rang. 203 pp. Must. E. & S. Livingstone 
Ltd., Edinburgh and London; The Macmillan 
Company of Canada Limited, Toronto, 1969. 
$8.80.
Liver Biopsy Interpretation. Peter J. Scheuer. 
138 pp. Must. Bailliere, Tindall & Cassell Ltd., 
London; The Macmillan Company of Canada Lim­
ited, Toronto, 1968. $13.75.
Metabolic Response of the Burned Organism.
Rajko Dolecek. Edited by Wiktor W. Nowinski. 
233 pp. Must. Charles C Thomas, Publisher, 
Springfield, 111.; The Ryerson Press, Toronto 1939. 
$12.25.
Microlaryngoscopy and Endolaryngeal M icro­
surgery. Techniques and Typical Cases. O. Klein- 
sasser. Translated by Paul W. Hoffman. 128 pp. 
Must. W. B. Saunders Company, Philadelphia; 
W. B. Saunders Company Canada Limited, Toron­
to, 1968. $13.50.
Modern Trends in Cardiac Surgery. 2. Edited 
by G. H. Wooler and Eoin Aberdeen. 248 pp. 
Must. Butterworth & Co. (Publishers) Ltd., Lon­
don; Butterworth & Co. (Canada) Ltd., Toronto 
1968. $14.75.
Nouvelle Pratique Chirurgicale Illustree. Fasc. 
2. 2nd ed. Jean Quenu. 247 pp. Must. Editions 
Doin Deren & Cie, Paris, 1968. 60,00 F. $13.25 
(approx.). Paperbound.
Post-Traumatic Pulmonary Insufficiency. Patho­
physiology o f Respiratory Failure and Principles 
of Respiratory Care After Surgical Operations, 
Trauma, Hemorrhage, Burns, and Shock. Francis 
D. Moore and others. 234 pp. Must. W . B. Saun­
ders Company, Philadelphia; W. B. Saunders Com ­
pany Canada Limited, Toronto, 1989. $13.50.
Principles of Surgery. A New Approach. D. J 
du Plessis. 195 pp. John Wright & Sons Ltd., 
Bristol; The Macmillan Company of Canada Lim- 
Red, Toronto, 1968. $4.40. Paperbound.
Prognostic Factors in Breast Cancer. Proceed­
ings of First Tenovus Symposium, Cardiff 12th- 
14th April, 1967. Edited by A. P. M. Forrest and 
P. B. Kunkler. 482 pp. Must. E. & S. Livingstone 
Ltd., Edinburgh and London; The Macmillan 
Company of Canada Limited, Toronto 1968 
$11.25.
Prosthetic Heart Valves. Editor-in-Chief: Lyman 
A. Brewer III. Associate Editors: Denton A. 
Cooley, Julio C. Davila, K. Alvin Merendino and
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Howard D. Sirak. 909 pp. Illust. Charles C Thom­
as, Publisher, Springfield, 111.; The Rverson Press, 
Toronto, 1989. $15.00.
Repair of Hernias. A Handbook of Operative 
Surgery. Mark Ravitch. 189 pp. Illust. Year Book 
Medical Publishers, Inc., Chicago, 1969. $11.00.
The Spine. A Radiological Text and Atlas. 3rd 
ed. Bernard S. Epstein. 730 pp. Illust. Lea & 
Febiger, Philadelphia; The Macmillan Company of 
Canada Limited, Toronto, 1969. $38.50.
Surgery of the Chest. 2nd ed. Edited by John 
H. Gibbon, Jr., David C. Sabiston, Jr. and Frank 
C. Spencer. 954 pp. Illust. W. B. Saunders Com­
pany, Philadelphia; W. B. Saunders Company Can­
ada Limited, Toronto, 1969. $35.10.
Syndesmology or a Description of the Liga­
ments of the Human Body. Josias Weitbrecht. 
Translated by Emanuel B. Kaplan. 197 pp. Illust. 
W. B. Saunders Company, Philadelphia; W. B. 
Saunders Company Canada Limited, Toronto, 
1989. $32.40.
Ulcerative Colitis. J. C. Goligher, P. T. de Dom- 
bal, J. McK. Watts and G. Watkinson. 365 pp. 
Illust. Bailliere, Tindall & Cassell Ltd., London; 
The Macmillan Company of Canada Limited, 
Toronto, 1968. $13.75.
Wasser- und Elektrolyt-Fibel. Diagnostik und 
Therapie des Flirssigkeitshaushaltes. 2nd ed. Bruno 
Truniger. 161 pp. Illust. Intercontinental Medical 
Book Corp., New York; George Thieme Verlag, 






for surgeons treating hand injury
September 18 and 19, 1969
Thursday, September 18:
Operating Session at Victoria Hospital, 
London.
Friday, September 19:
Lectures and Group Discussions
1. Finger Tip Injuries
2. Other Finger Amputations
3. Crushing and Avulsion Injuries
4. Fractures and Dislocations
5. Extensor Tendon Injuries
6. Flexor Tendon and Nerve Injuries
Presen ted  by the D epartm ent o f S u rg e ry , The 
U niversity o f W estern  O n ta rio , in co-operation  
with the W orkm en 's Com pensation Board .
For fu rth er in fo rm atio n , p le ase  w rite  to:
A . T. Hunter, M.D.,
Assistant to the Dean —
Continuing Education 
Faculty of Medicine,




CANADIAN MEDICAL ASSOCIATION 
PUBLICATIONS
Effective July 14, 1969 the publication 
offices of The Canadian Journal o f Surgery 
and The Canadian M edical Associattion 
Journal will be located at:
129 Adelaide Street West,
Toronto, Ontario.
(Suites 501, 502 and 505)
The new telephone number is: (416) 366- 
9521.
All communications to the Editors, the 
Managing Editor, the Advertising Manager 
and the Librarian should be addressed to 
the new location by contributors, advertis­
ers and all other persons having business 
with the publications. The single important 
journalistic exception is that membership 
records and subscriptions will be handled 
at C.M.A. House, Ottawa.
CANADIAN MEDICAL ASSOCIATION 
SECRETARIAT
All other functions of the C.M.A. will be 
carried out from C.M.A. House, 1867 Alta 
Vista Drive, Ottawa 8, Ontario. (613) 731- 
9331.
CRYOSURGERY OF THE PITUITARY
A 16-mm., 30-minute colour film en­
titled “Cryosurgery of the Pituitary” was 
produced at U.C.L.A. under a grant from 
Pfizer Laboratories. This film follows the 
progress of a classical acromegalic patient 
from his arrival at the Los Angeles School 
of Medicine, through a six-hour trans­
sphenoidal cryohypophysectomy, to his 
evaluation six months after operation. The 
film was supervised by Dr. Robert W. 
Rand, Associate Professor of Neurosurgery 
at the University.
This film, or a colourful brochure de­
scribing its contents, is available to medical 
teachers from the Pharmaceutical Division, 
Pfizer Company Ltd., 50 Place Cremazie, 
Montreal 11, Que.
